The Timing of Purchases, Market Power, and Economic Fluctuations. by Parker, J.A.







Wklv sdshu dqdo|}hv d pdunhw lq zklfk vhoohuv kdyh pdunhw srzhu dqg
vhw sulfh wdnlqj lqwr dffrxqw wkh delolw| ri ex|huv wr wlph wkhlu sxufkdvhv1
L ghprqvwudwh wkdw h{shfwhg  xfwxdwlrqv lq ghpdqg duh lqkhuhqwo|  xfwxd0
wlrqv lq wkh hodvwlflw| ri ghpdqg/ ohdglqj wr vpdoohu pdunxsv rq wkh xs0vlgh
ri errpv1 Ex|hu lqwhuwhpsrudo rswlpl}dwlrq rssrvhv wklv irufh/ jhqhudwlqj
uhdo sulfh vwlfnlqhvv dqg vprrwklqj sulfhv ryhu wlph1 Wkhvh phfkdqlvpv sur0
gxfh sulfhv zklfk duh ohvv yduldeoh wkdq txdqwlwlwhv/ frxqwhuf|folfdo pdunxsv/
dqg juhdwhu shuvlvwhqfh ri ghpdqg vkrfnv1 Xvlqj lqgxvwu| gdwd/ L ghprq0
vwudwh wkdw frqvxphu jrrgv iru zklfk wlplqj lv olnho| wr eh lpsruwdqw gr
h{klelw ohvv uhdo sulfh uhvsrqvh wr ghpdqg0gulyhq pryhphqwv lq vdohv1
￿ Frpphqwv zhofrph1 L wkdqn wkh Vordq Irxqgdwlrq dqg wkh Zruog Hfrqrp| Oderudwru| iru
qdqfldo vxssruw dqg Gdurq Dfhprjox/ Vxvdqwr Edvx/ Urodqg Ehqderx/ Rolylhu Mhdq Eodqfkdug/
Ulfdugr Fdedoohur/ Fkduohv Iohlvfkpdq/ Slhuuh0Rolylhu Jrxulqfkdv/ Gdylg Jurvv/ Mrkq Ohdk|/
Dulho Sdnhv/ Mxolr Urwhpehuj dqg sduwlflsdqwv lq vhplqduv dqg oxqfkhv dw PLW/ wkh QEHU
vxpphu lqvwlwxwh/ dqg wkh Xqlyhuvlw| ri Plfkljdq iru ydoxdeoh frpphqwv1 Doo huuruv uhpdlq p|
uhvsrqvlelolw|1 Dgguhvv fruuhvsrqghqfh wr Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Zlvfrqvlq/
44;3 Revhuydwru| Gulyh/ Pdglvrq/ ZL 86:391Olvw ri Wdeohv
914 Uhdo Sulfh Uhjuhvvlrqv 1111111111111111111111 4 ;
915 Pdunxs Uhjuhvvlrqv 111111111111111111111111 5 5
916 Pdunxs Uhjuhvvlrqv rq Vxevdpsoh 111111111111111 5 6
E14 Gxudelolw| dqg Lqiuhtxhqf| ri Sxufkdvh/ Sduw L 11111 6 7
E15 Gxudelolw| dqg Lqiuhtxhqf| ri Sxufkdvh/ Sduw LL 11111 6 841 Lqwurgxfwlrq
Doo wudqvdfwlrqv duh glvfuhwh wkh| rffxu dw fhuwdlq lqvwdqwv lq wlph1 \hw lq prvw
hfrqrplf prghov/ djhqwv wudqvdfw lq hyhu| shulrg ru frqwlqxrxvo|/ dqg gr qrw
fkrrvh wkh wlplqj ri glvfuhwh wudqvdfwlrqv14 Wklv vlpsolfdwlrq ohdgv wr srzhuixo
lqvljkwv/ exw lw dovr revfxuhv fkdudfwhulvwlfv ri pdunhwv lq zklfk wkh wlplqj ri wudqv0
dfwlrqv lv lpsruwdqw1 Exvlqhvv f|fohv fdq eh ylhzhg dv uhvxowlqj iurp wkh whpsrudo
foxvwhulqj ri odujho| glvfuhwh ghflvlrqv vxfk dv od|rv/ sxufkdvhv ri gxudeohv/ qhz
surgxfw lqwurgxfwlrqv/ dqg sodqw uhwrrolqj1 Pdq| uhfhqw prghov wkdw h{solflwo| do0
orz djhqwv wr wlph wudqvdfwlrqv jlyh qhz lqvljkwv lqwr exvlqhvv f|foh skhqrphqd15
Wklv sdshu dqdo|}hv d pdunhw zlwk wkuhh fkdudfwhulvwlfv1 Vhoohuv kdyh pdunhw
srzhu/ vr wkdw fkdqjhv lq wkh hhfwlyh hodvwlflw| ri ghpdqg fdq ohdg wr fkdqjhv
lq pdunxsv1 Vhfrqg/ ex|huv fkrrvh zkhq wr pdnh glvfuhwh/ oxps| sxufkdvhv1 Wkh
frpelqdwlrq ri wkhvh wzr ihdwxuhv vhsdudwhv wkh fxuuhqw prgho iurp erwk suhylrxv
prghov ri lqgxvwu| pdunxs g|qdplfv dqg prghov zlwk {hg dgmxvwphqw frvwv1 Il0
qdoo|/ wkh qxpehu ri frqvxphuv zkr zrxog olnh wr sxufkdvh lq hdfk shulrg  xfwxdwhv
h{rjhqrxvo| dqg suhglfwdeo| wkrxjk wlph1
Wklv vwuxfwxuh fdswxuhv uhdolvwlf ihdwxuhv ri pxfk ri wkh hfrqrp|1 Prvw yhq0
gruv kdyh vrph glvfuhwlrq lq vhwwlqj sulfh dqg ghpdqg grhv fkdqjh lq suhglfwdeoh
zd|v1 Hyhu| h{shqglwxuh rffxuv dw dq lqvwdqw lq wlph/ dqg doo h{shqglwxuhv |lhog
vrph odvwlqj xwlolw| ru vhuylfh  rz frqvxphuv gr qrw frqwlqxrxvo| sxufkdvh dluolqh
wlfnhwv/ vwhuhr frpsrqhqwv/ forwkhv/ kdlufxwv/ ru hyhq fdhlqdwhg ehyhudjhv1
Wkh g|qdplfv ri wklv pdunhw vwuxfwxuh duh xqolnh wkrvh zklfk dulvh zkhq pdu0
nhwv duh frpshwlwlyh/ dqg dovr xqolnh wkrvh zklfk dulvh zkhq wkh wlplqj ri wudqvdf0
wlrqv lv ljqruhg1 Pruh jhqhudoo|/ wkh irfxv rq wkh wlplqj ri sxufkdvhv kdv lqwhuhvwlqj
lpsolfdwlrqv iru pdfurhfrqrplf  xfwxdwlrqv1
Iluvw/  xfwxdwlrqv lq wkh glvwulexwlrq ri ex|huv zdlwlqj wr ex| uhsuhvhqw fkdqjhv
lq wkh hodvwlflw| ri ghpdqg dqg wkxv ohdg wr sulfh yduldwlrq1 D up frqvlghulqj gh0
fuhdvlqj lwv sulfh zhljkv wkh orvw surwv rq wkrvh ex|huv zkr zrxog kdyh sxufkdvhg
iurp lw zlwkrxw wkh sulfh fkdqjh djdlqvw wkh jdlq lq vdohv pdgh e| hqfrxudjlqj
pruh frqvxphuv wr ex| lq wkh fxuuhqw shulrg1 Wkh uhodwlyh vwuhqjwk ri wkh vhfrqg
hhfw dw d jlyhq sulfh lv odujhu wkh idvwhu ghpdqg lv lqfuhdvlqj1 Wkxv zkhq ghpdqg
vwduwv wr ulvh/ sulfhv idoo dqg vdohv duh pdgh vrrqhu wkdq li sulfhv kdg qrw pryhg1
Wkhvh sulfh pryhphqwv lqfuhdvh vdohv dqg ghfuhdvh pdunxsv dw wkh ehjlqqlqjv ri
errpv/ zkloh ghfuhdvlqj vdohv dqg lqfuhdvlqj pdunxsv dw wkh vwduwv ri voxpsv1
Vhfrqg/ wkh delolw| ri ex|huv wr ghod| ru dffhohudwh wkhlu sxufkdvhv vprrwkv
sulfhv1 Vhoohuv fdqqrw udlvh sulfhv uhodwlyh wr vxuurxqglqj shulrgv zlwkrxw orvlqj
vdohv1 Wklv uhdo sulfh vwlfnlqhvv dulvhv ehfdxvh wlplqj dqg gxudelolw| dpsoli|
4Zkloh pdq| pdfurhfrqrplf prghov/ vxfk dv t0wkhru| ru frqvxpswlrq wkhru|/ irfxv rq wkh
rswlpdo lqwhuwhpsrudo doorfdwlrq ri sxufkdvhv/ hyhu| djhqw lq vxfk prghov wudqvdfwv lq hyhu|
shulrg ru dw hyhu| lqvwdqw1
5Vhh/ iru h{dpsoh/ Fdedoohur dqg Kdpprxu +4<<7,/ Fdedoohur/ Hqjho dqg Kdowlzdqjhu +4<<8,/
Pruwhqvhq +4<<7,/ dqg Gldprqg +4<<7,1
4hhfwlyh lqwhuwhpsrudo vxevwlwxwlrq e| ex|huv16 Zlwk lqfuhdvlqj pdujlqdo frvwv/
uhdo sulfh vwlfnlqhvv ohdgv qdwxudoo| wr d frxqwhuf|folfdo pdunxs1
Wklug/ wklv prgho rhuv dq h{sodqdwlrq iru zk| txdqwlwlhv udwkhu wkdq sulfhv
vhhp wr dgmxvw ryhu wkh exvlqhvv f|foh1 Wlph shulrgv duh qrw vhsdudwh pdunhwv/ hdfk
fohdulqj lqghshqghqwo|1 Kljk sulfhv lq rqh shulrg fdxvh ex|huv wr pryh wudqvdfwlrqv
wr qhdue| shulrgv/ vr wkdw wkh hodvwlflw| ri ghpdqg lv kljko| ghshqghqw rq orfdo
sulfh yduldwlrq1 Rq wkh rwkhu vlgh ri wkh pdunhw/ vhoohuv pd| fkrrvh qrw wr ghfuhdvh
wkhlu sulfhv pxfk zkhq ghpdqg lv orz ehfdxvh wr gr vr zrxog vwhdo iurp wkhlu rzq
ixwxuh vdohv uhodwlyh wr d pdunhw lq zklfk wlplqj lv qrw d fkrlfh1 Erwk ex|hu dqg
vhoohu ehkdylru vwrs sulfh yduldwlrq iurp gdpslqj txdqwlw|  xfwxdwlrqv1
Ilqdoo|/ wkh sulfh  xfwxdwlrq wkdw grhv rffxu uhgxfhv wkh yrodwlolw| ri vdohv
uhodwlyh wr wkh  xfwxdwlrqv zklfk d frqvwdqw sulfh zrxog lqgxfh17 Wkh wlplqj ri
wudqvdfwlrqv wkxv fuhdwhv d qdwxudo sursdjdwlrq phfkdqlvp1 Lq d wudqvlwru| errp/
sulfhv lqfuhdvh voljkwo| dqg pdq| ex|huv srvwsrqh sxufkdvhv/ lqfuhdvlqj ghpdqg
lq odwhu shulrgv1 Wkxv d vkrfn lq d vlqjoh shulrg lv vsuhdg rxw ryhu vhyhudo shulrgv1
Diwhu suhvhqwlqj d irupdo g|qdplf prgho/ L ghprqvwudwh wkdw lqgxvwu| sulflqj
ehkdylru lv frqvlvwhqw zlwk wkh prgho*v lpsolfdwlrqv1 Phdvxuhv ri wkh iuhtxhqf|
dw zklfk krxvhkrogv sxufkdvh jrrg duh rewdlqhg iru d vxevhw ri irxu0gljlw pdqx0
idfwxulqj lqgxvwulhv zklfk fruuhvsrqg zhoo wr vshflf frqvxphu jrrgv1 Xvlqj wkh
QEHU surgxfwlylw| gdwdedvh dqg ghpdqg lqvwuxphqwv/ wkh iroorzlqj lpsolfdwlrq
ri wkh prgho lv frquphg1 Ghpdqg0gulyhq lqfuhdvhv lq vdohv fdxvh vpdoohu uhdo sulfh
lqfuhdvhv iru wkrvh jrrgv zklfk duh sxufkdvhg ohvv iuhtxhqwo| wkdw lv/ iru zklfk
wkh wlplqj ri sxufkdvhv lv pruh lpsruwdqw1 Lq dgglwlrq wr vpdoohu sulfh uhvsrqvhv
wr ghpdqg  xfwxdwlrqv/ wkh prgho suhglfwv wkdw pdunxsv ydu| pruh frxqwhuf|fol0
fdoo| lq lqgxvwulhv zkhuh wkh wlplqj ri sxufkdvhv lv pruh lpsruwdqw1 Dqdo|vlv ri
lqgxvwu|0ohyho pdunxsv/ krzhyhu/ lv qrw lqirupdwlyh gxh wr odujh vwdqgdug huuruv
dqg xqvwdeoh frh!flhqwv1
Wkh edodqfh ri wkh sdshu lv odlg rxw dv iroorzv1 Lq wkh qh{w vhfwlrq/ L suhvhqw
d prgho lq zklfk ex|huv duh sulfh0wdnhuv dqg rswlpdoo| wlph wkhlu sxufkdvhv ri
d oxps| jrrg1 Rswlpdo vhoohu dqg ex|hu vwudwhjlhv duh vwxglhg zkhq wkh pdu0
nhw vwuxfwxuh lv prqrsrolvwlfdoo| frpshwlwlyh dqg zkhq lw lv prqrsrolvwlf +xqghu
frooxvlrq,1 Vhfwlrqv  dqg e fkdudfwhul}h wkh g|qdplfv ri sulfhv/ frvwv/ dqg vdohv
zkhq wkhuh duh  xfwxdwlrqv lq wkh glvwulexwlrq ri frqvxphuv1 Lq vhfwlrq D/ L uhodwh
wklv wkhru| ri frxqwhuf|folfdo pdunxsv wr frpshwlqj wkhrulhv1 Vhfwlrq S wxuqv wr
lqgxvwu|0ohyho gdwd dqg whvwv wkh edvlf lpsolfdwlrqv ri wkh wkhru| djdlqvw rwkhu
wkhrulhv1 Wkh qdo vhfwlrq frqfoxghv dqg dsshqgl{hv frqwdlq surriv dqg dgglwlrqdo
lqirupdwlrq rq wkh gdwd1
6Dv zloo eh glvfxvvhg odwhu/ uhdo sulfh vwlfnlqhvv kdv yhu| glhuhqw lpsolfdwlrqv iurp hlwkhu uhdo
sulfh uljlglw|/ zklfk rffxuv zkhq upv* remhfwlyh ixqfwlrqv duh  dw0wrsshg/ ru sulfh vwlfnlqhvv/
zklfk rffxuv zkhq qrplqdo sulfhv fdqqrw dgmxvw1
7Dv qrwhg e| Fdedoohur +4<<6, dqg Elov dqg Nohqrz +4<<8, gxudeoh jrrgv lqghhg vhhp wr
 xfwxdwh ohvv wkdq zrxog eh suhglfwhg edvhg rq fkdqjhv lq qrqgxudeoh frqvxpswlrq> krzhyhu
erwk ri wkhvh sdshuv lqwhusuhw wklv dv gxh vroho| wr dgmxvwphqw frvwv1
551 Wkh Pdunhw Vwuxfwxuh
Wklv vhfwlrq suhvhqwv wkh ex|hu dqg vhoohu rswlpl}dwlrq sureohpv/ dqg glvfxvvhv wkh
qhfhvvdu| frqglwlrqv iru htxloleulxp1 Lq wkh prgho/ d odujh qxpehu ri frqvxphuv
vhdufk ryhu wkh sulfhv rhuhg e| d odujh qxpehu ri vhoohuv1 Vhdufk e| frqvxphuv
jhqhudwhv pdunhw srzhu/ lq d vlplodu pdqqhu wr wkh vwhdg| vwdwh dqdo|vlv lq Gld0
prqg +4<:4,1
5141 Frqvxphuv
Wkh ghpdqg vlgh ri wkh pdunhw frqvlvwv ri d odujh qxpehu ri srwhqwldo ex|huv
ru frqvxphuv18 Hdfk frqvxphu kdv vrph dprxqw ri d jrrg zklfk ghsuhfldwhv
ghwhuplqlvwlfdoo| wkurxjk wlph1 Wkh jrrg lv oxps|/ dqg frqvxphuv ghflgh zkhq wr
ex|/ qrw krz pxfk wr ex|1 Wkh jrrg surylghv odvwlqj xwlolw| ru surw  rz ehfdxvh
lw lv d gxudeoh jrrg ru fdslwdo lqyhvwphqw/ ehfdxvh lw pxvw eh erxjkw exqgohg lq
d {hg txdqwlw| dqg lv vwrudeoh +olnh wdeoh vdow,/ ru ehfdxvh lwv frqvxpswlrq |lhogv d
vwrfn zklfk ghsuhfldwhv wkurxjk wlph dqg jlyhv d  rz ri xwlolw| +olnh h{shqglwxuhv
rq hqwhuwdlqphqw,1
Frqvxphuv duh sulfh wdnhuv dqg ghflgh zkhq wr sxufkdvh d vlqjoh qhz jrrg1
Diwhu sxufkdvlqj wkh jrrg/ frqvxphuv ohdyh wkh pdunhw1 Wkhuh duh odujh wudqvdf0
wlrqv frvwv= d ex|hu zkr xsjudghv wr d qhz jrrg jhwv qrwklqj iru lwv rog jrrg19
Frqvxphuv duh glhuhqwldwhg e| wkhlu lqglylgxdo vwrfnv lq dq| shulrg/ ghqrwhg &￿|/
wkdw ghsuhfldwh ghwhuplqlvwlfdoo| dffruglqj wr=:
&￿| 'E  B  & ￿|3￿ +514,
Wkh prqh|0phwulf xwlolw| +ru surw,  rz iurp wkh vwrfn ri wkh jrrg lv orjdulwkplf





zkhuh b lv wkh pdujlqdo xwlolw| ri zhdowk1; Dq lqglylgxdo*v xwlolw|  rz hyroyhv
dffruglqj wr=
￿|n￿ ' ￿|  B +516,
zkhuh B '  ￿
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8Dowkrxjk L xvh wkh whup frqvxphuv/ wkh srwhqwldo ex|huv pd| eh upv frqvlghulqj sxufkdvlqj
qhz lqyhvwphqw jrrgv dv zhoo dv krxvhkrogv vhhnlqj wr sxufkdvh frqvxphu jrrgv1
9Wklv dvvxpswlrq fdq eh uhod{hg zlwkrxw fkdqjlqj wkh vxevwdqfh ri wkh uhvxowv1
:Lg h q r w hd ql q g l y l g x d of r q v x p h u * vr uv h o o h u * vv w r f n /s u l f h /r uv d o h vx v l q jo r z h uf d v ho h w w h u v /
dqg pdunhw sulfhv dqg txdqwlwlhv xvlqj fdslwdov1
;Wkh prgho fdq eh jhqhudol}hg e| xvlqj d frqvwdqw uhodwlyh ulvn dyhuvlrq xwlolw| ixqfwlrq dw
vljqlfdqw frvw lq wudfwlelolw|1 Vlploduo|/ ghwhuplqlvwlf ghfolqh lq wkh pdujlqdo xwlolw| ri zhdowk
fkdqjhv qrqh ri wkh pdlq lpsolfdwlrqv1
6Lq hyhu| shulrg/ hdfk frqvxphu/ / revhuyhv wkh sulfh ri rqh udqgrpo| gudzq
vhoohu/ / exw grhv qrw dxwrpdwlfdoo| revhuyh wkh sulfh ri dq| rwkhu vhoohu1 Wkh
frqvxphu wkhq fkrrvhv dprqj wkh iroorzlqj wkuhh rswlrqv1 Iluvw/ lw fdq sxufkdvh
wkh jrrg dw wkh srvwhg sulfh1 Lq wklv fdvh wkh frqvxphu sd|v R￿| dqg uhfhlyhv
/ zklfk uhsuhvhqwv wkh groodu0ghqrplqdwhg h{shfwhg suhvhqw glvfrxqwhg ydoxh ri
kroglqj d qhz jrrg1< Vhfrqg/ wkh frqvxphu fdq fkrrvh wr gr qrwklqj/ lq zklfk
fdvh lw uhfhlyhv wkh ehqhwv ri lwv fxuuhqw vwrfn/ dqg/ lq wkh qh{w shulrg/ idfhv wkh
vdph ghflvlrq zlwk wkh sulfh ri d qhz udqgrpo| gudzq vhoohu1 Ilqdoo|/ lw fdq sd|
d vhdufk frvw S/ dqg revhuyh wkh sulfh ri d qhz udqgrpo| gudzq vhoohu143 Lw wkhq
idfhv wkh vdph ghflvlrq djdlq lq wkh fxuuhqw shulrg= sxufkdvh/ zdlw/ ru frqwlqxh
vhdufklqj144
Hdfk shulrg wkxv frqvlvwv ri dq lqqlwh qxpehu ri lqvwdqwv lq zklfk frqvxphuv
fdq fkrrvh wr vhdufk ryhu sulfhv2jrrgv1 Li d ex|hu lv lqwhqw rq sxufkdvlqj lq d
jlyhq shulrg/ lw fdq ylvlw dv pdq| vhoohuv +dqg sd| dv pxfk lq vhdufk frvwv, dv lw
zlvkhv zlwklq d vlqjoh shulrg1
Sulru wr vhdufklqj/ frqvxphuv nqrz wkh glvwulexwlrq ri sulfhv srvwhg e| vhoohuv/
dqg wkh sd|phqw ri vhdufk frvwv |lhogv rqo| lqirupdwlrq derxw d vshflf vhoohu*v
sulfh1 Wkxv/ li d frqvxphu hyhu suhihuv vhdufklqj wr ghod|lqj/ lw vhdufkhv lq wkh
fxuuhqw shulrg xqwlo lw qgv dq dffhswdeoh sulfh dqg sxufkdvhv145 Frqvhtxhqwo|/
rqfh dq| srwhqwldo ex|hu fkrrvhv wr vhdufk/ wkh sureohp lv d vwdwlrqdu| vhdufk
sureohp dqg frqvxphuv vhdufk dfurvv upv xqwlo wkh| qg d sulfh ehorz wkhlu




rER &|o  Sj +517,
Wkh ydoxh wr vhdufklqj lv wkh pd{lpxp ri wkh ydoxh ri ex|lqj dw wkh fxuuhqw sulfh/
ru sd|lqj S dqg jrlqj wr d qhz vhoohu dqg glvfryhulqj lwv sulfh1
Wkh ydoxh ri d frqvxphu zlwk d xwlolw|  rz ri  zkr vhhv d sulfh rhu ri R￿|
<Dq hduolhu yhuvlrq ri wklv sdshu h{solflwo| lqfoxghg d vwrfkdvwlf/ pdwfk0vshflf ydoxh ri d qhz
jrrg/ ylm1 Lq wklv fdvh/ vrph ex|huv vhdufk dfurvv jrrgv lq hdfk shulrg dqg wkh prgho h{klelwv
wkh vdph vhw ri lpsolfdwlrqv dv wkrvh suhvhqwhg khuh1
Rqh pljkw pruh uhdolvwlfdoo| prwlydwh d frqvwdqw y e| dujxlqj wkdw ex|huv dfwxdoo| uhwxuq wr
wkh pdunhw +dw wkh wrs ri wkhlu dgmxvwphqw edqgv lq dq +v>V, w|sh prgho, exw wkdw doo ex|huv kdyh
dq h{shfwhg kroglqj wlph dqg ixwxuh sxufkdvh sulfhv zklfk duh lqghshqghqw ri wkh fxuuhqw vwdwh
ri wkh v|vwhp1 Wklv dvvxpswlrq zrxog eh forvh wr wuxh zlwk d vljqlfdqw dprxqw ri lqglylgxdo
xqfhuwdlqw| dqg olwwoh suhglfwdeoh yduldwlrq lq sulfh dw orqj krul}rqv1
43Vhdufk frvwv fruuhvsrqg wr wkh frvwv d frqvxphu lqfxuv lq whvw0gulylqj dq dxwrpreloh ru lq
jrlqj wr d vwruh dqg sulflqj lwv jrrgv> vlploduo| d up lqfxuv d frvw zkhq lw hydoxdwhv krz zhoo d
jlyhq vhoohu*v htxlsphqw phvkhv zlwk lwv rwkhu fdslwdo jrrgv dqg lwv hpsor|hhv* vnloov dqg qhhgv1
44Vlqfh doo khwhurjhqhlw| lq upv rffxuv lq wkhlu hhfwlyh sulfh/ L dp lpsolflwo| dvvxplqj wkdw
zkdwhyhu glhuhqfhv wkhuh duh lq pdwfk txdolw| duh frpshqvdwhg wkurxjk sulfh dgmxvwphqw1 Vr/
i r uh { d p s o h /l id u pf k r r v h vw rs u r g x f hw u d f w r u vr io r zt x d o l w | /f r q v x p h u vf r p s h q v d w he |
sxufkdvlqj zduudqwlhv/ ru sd|lqj iru dgglwlrqdo ihdwxuhv ru htxlsphqw zklfk pdnh wkhvh wudfwruv
htxlydohqw wr wkrvh ri rwkhu upv1
45Wkdw lv/ li wkh ydoxh ri vhdufklqj h{fhhgv wkh ydoxh ri ghod|lqj/ lw grhv vr diwhu rqh urxqg ri
vhdufk ru dq| qxpehu/ vlqfh vhdufk frvwv sdlg zkloh vhdufklqj duh vxqn1
7fdq qrz eh zulwwhq uhfxuvlyho| dv=
T|EcR￿|'@%iR￿| cnq.|dT|n￿E  BcR&|n￿o c. |dT
rER &|o  Sj +518,
zkhuh q lv wkh frqvxphu*v glvfrxqw idfwru1 Htxdwlrq +518, vd|v wkdw wkh ydoxh ri
kdylqj xwlolw|  rz  lq shulrg |/ dqg vhhlqj wkh sulfh ri rqh jrrg/ R￿|/ lv htxdo wr
wkh pd{lpxp ri  wkh ydoxh ri sxufkdvlqj dw wkh revhuyhg sulfh/ 2 wkh h{shfwhg
ydoxh ri ghod|lqj wkh ghflvlrq e| rqh shulrg/ dqg  wkh h{shfwhg ydoxh ri ghflglqj
wr sxufkdvh lq |/ exw grlqj vrph vhdufklqj ryhu sulfhv uvw1 Vlqfh frqvxphuv dozd|v
hqg vhdufk e| sxufkdvlqj/ khqfhiruwk hqwhulqj wkh vhdufk prgh lv fdoohg sxufkdvlqj1
Sulfhv duh erxqghg ehorz vr wkdw wkh ydoxh ixqfwlrq lv erxqghg deryh iru d
srvlwlyh ghsuhfldwlrq udwh dqg glvfrxqw udwh ohvv wkdq rqh146 Ixuwkhu/ wkh ydoxh
ixqfwlrq lv ghfuhdvlqj lq lwv uvw dujxphqw/ zklfk ghfuhdvhv wkurxjk wlph1 Wkxv/
surylghg wkh uvw whup lv dozd|v srvlwlyh/ d qlwh sxufkdvh wlph lv rswlpdo1 Qrwh
wkdw wkh ydoxh ixqfwlrq lv d ixqfwlrq ri wlph wkh ex|hu*v rswlpdo sxufkdvh gdwh
ghshqgv rq wkh sulfh sdwk wkdw lw idfhv1 Wkh wlph0sdwk ri sulfhv lq wxuq ghshqgv
rq wkh wuxh vwdwh ri wkh v|vwhp= wkh hqwluh glvwulexwlrq ri frqvxphuv ryhu xwlolw|
 rzv1 Lq vroylqj wkh prgho ehorz/ L orrn dw f|folfdo htxloleuld/ vr wkdw wkhuh duh d
qlwh qxpehu ri ydoxh ixqfwlrqv wr vroyh1
Lq hyhu| shulrg/ hdfk up lv udqgrpo| pdwfkhg zlwk d volfh ri frqvxphuv glv0
wulexwhg dffruglqj wr s|E1O h w 
n
| ghqrwh wkh xwlolw|  rz ri wkh ex|hu zlwk wkh
ohdvw dprxqw ri wkh jrrg lq wkh pdunhw dw wkh ehjlqqlqj ri shulrg |1 Wkh ixqfwlrq
sfE lv dvvxphg wr eh frqwlqxrxv/ dwrpohvv/ erxqghg deryh/ dqg vwulfwo| srvlwlyh
ryhu d
n
| c 7 o1 Wkh glvwulexwlrq hyroxwlrq dffruglqj wr=
s|E'
#






zkhuh }|E lv ghwhuplqlvwlf dqg vwulfwo| srvlwlyh rqo| ryhu d7 Bc7 o147
Wkh hyroxwlrq ri 
n
| iroorzv iurp frqvxphu rswlpl}dwlrq1
5151 Vhoohuv
Wkhuh duh dq lqqlwh qxpehu ri lghqwlfdo vhoohuv dorqj wkh xqlw lqwhuydo1 Hdfk vhoohu
srvwv d sulfh lq hdfk shulrg dqg vhoov wr wkrvh frqvxphuv zkr duulyh dqg kdyh
uhvhuydwlrq sulfhv deryh wkh vhoohu*v srvwhg sulfh1 L uhvwulfw dwwhqwlrq wr v|pphwulf
Qdvk htxloleuld/ vr wkdw hdfk up wdnhv wkh pdunhw sulfh dv jlyhq1 Wkh vhdufk
surfhvv jlyhv hdfk vhoohu vrph pdunhw srzhu1 Wkdw wkhuh duh dq lqqlwh qxpehu ri
46Pdujlqdo frvwv duh dvvxphg wr eh zhdno| lqfuhdvlqj vr wkdw sulfhv duh erxqghg ehorz e|
pdujlqdo frvw zkhq surgxflqj wkh uvw lqfuhphqw ri rxwsxw1 Wkh idfwv wkdw xwlolw|  rz ghsuhfldwhv
olqhduo| dqg upv glvfrxqw ixwxuh surwv h{srqhqwldoo| duh vx!flhqw exw idu iurp qhfhvvdu| wr
jhqhudwh erxqghg uhwxuqv lq wklv vhwxs1
47Lq uhdolw|/ wkhvh  xfwxdwlrqv duh olnho| wr eh gulyhq sduwo| e| wkh klvwru| ri wkh pdunhw1 Wkh
ixqfwlrq jw+x, surylghv d erxqgdu| frqglwlrq iru wkh glvwulexwlrq1
8vhoohuv phdqv wkdw hdfk rqh ljqruhv wkh lpsdfw ri lwv rzq sulfh vhwwlqj rq lwv ixwxuh
vdohv1 Wkdw lv/ wkhuh lv d sureohp ri wkh frpprqv1 Olnh frpshwlwlrq iru d qdwxudo
uhvrxufh/ vhoohu frpshwlwlrq ohdgv wr udslg ghsohwlrq ri srwhqwldo frqvxphuv1 Li
upv frooxghg/ wkh| zrxog fkrrvh wr kdyh kljkhu sulfhv dqg vhoo wr doo frqvxphuv
dw odwhu gdwhv1 Vlqfh wkh g|qdplf lpsolfdwlrqv glhu/ dq dqdo|vlv ri htxloleuld lq
zklfk upv frooxgh lv suhvhqwhg lq vhfwlrq e1
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wdnlqj wkh pdunhw sulfh/ r/ dv jlyhq1 Wkh ixqfwlrq ^rERc lv wkh dprxqw ri
vdohv wkdw d vhoohu fkdujlqj R pdnhv lq shulrg r zkhq wkh pdunhw sulfh lv 1W k l v
ixqfwlrq lv ghwhuplqhg e| wkh glvwulexwlrq ri srwhqwldo frqvxphuv dqg wkhlu rswlpdo
vwudwhjlhv1 S￿ dqg S2 uhsuhvhqw txdgudwlf frvwv ri surgxfwlrq/ erwk ri zklfk duh
zhdno| srvlwlyh148 Htxdwlrq +51:, uhgxfhv wr d vhtxhqfh ri vwdwlf sureohpv lq zklfk
vhoohuv fkrrvh lqglylgxdo sulfhv/ wdnlqj suhvhqw/ sdvw/ dqg ixwxuh pdunhw sulfhv dv
jlyhq1 Wkh uvw rughu frqglwlrq fdq eh zulwwhq dv dq lqyhuvh hodvwlflw| sulflqj uxoh=












^rER￿rc￿r￿/ wkh hodvwlflw| ri up ghpdqg jlyhq wkh
pdunhw sulfh1
5161 Pdunhw Htxloleulxp
Ilqglqj dq htxloleulxp dprxqwv wr qglqj wkh vhulhv ri ixqfwlrqv ^|ERc zklfk
iroorzv iurp ex|hu rswlpl}dwlrq jlyhq udwlrqdo sulfh h{shfwdwlrqv1 Wklv lv grqh
e d v h gr qdv h u l h vr io h p p d v 1
Ghqh W
| dv wkh xwlolw|  rz ri wkh ex|hu zlwk wkh vpdoohvw vwrfn ri wkh jrrg





|  B +51<,
Ohppd 41 Qr vhdufk1 Lq d v|pphwulf htxloleulxp/ qr frqvxphuv vhdufk dqg
T|EcR￿|'@%inq.|dT|n￿E  Bc|n￿o cR ￿|j +5143,
Wkh surriv ri doo ohppdv duh frqwdlqhg lq Dsshqgl{ 1 Vlqfh lq hyhu| shulrg
doo upv fkdujh wkh vdph sulfh/ dq| vhdufk kdv d wrwdo h{shfwhg jdlq ri plqxv wkh
vhdufk frvw1 Ghqh A|￿ dv wkh h{shfwhg sxufkdvh gdwh ri frqvxphu  frqglwlrqdo rq
lqirupdwlrq dydlodeoh dw wlph |1
48Wkh sureohp frxog dovr frqwdlq {hg frvwv wr hqwu| dqg {hg frvwv lq hdfk shulrg/ erwk ri
zklfk zrxog ghwhuplqh pdunhw vl}h dqg hqvxuh wkdw vhoohuv qrw pdnh qhw surwv lq h{fhvv ri wkh
xvxdo udwh ri uhwxuq1 Wkhvh frvwv duh qrw uhohydqw wr wkh dqdo|vlv dw kdqg dqg duh ljqruhg1
9Ohppd 51 Vnlpplqj surshuw|1 |￿ : |￿ lpsolhv A|￿  A|￿
Wklv ohppd iroorzv iurp d uhyhdohg suhihuhqfh dujxphqw/ zklfk ghprqvwudwhv
wkdw wkh ydoxh ixqfwlrq lv zhdno| lqfuhdvlqj lq lwv uvw dujxphqw1 Ohppd 2 lpsolhv
wkdw vdohv lq dq| shulrg fdq eh fdofxodwhg e| qglqj wkh ex|hu zkr lv lqglhuhqw
ehwzhhq sxufkdvlqj dqg zdlwlqj/ dqg wkhq vxpplqj ryhu frqvxphuv zlwk orzhu
xwlolw|  rzv1
Ohppd 61 W
| hyroxwlrq1 Surylghg wkdw vhoohuv vhoo wr vrph frqvxphuv lq hyhu|
shulrg/ W
| lv ghqhg e|

W
| 'E q  nq.|d|n￿o  | +5144,
Htxdwlrq +5144, lv ghulyhg iurp htxdwlrq +5143, e| qrwlqj wkdw wkh pdujlqdo
frqvxphuv wrgd| zloo ex| wrpruurz/ dqg/ wkhuhiruh/ wkdw wkhlu h{shfwhg ydoxh wr
ghod|lqj lv wkh h{shfwhg xwlolw| ri sxufkdvlqj lq wkh qh{w shulrg1
Ohppd 71 Srvlwlyh vdohv1 Li ^f : f/d q gR |S ￿; |c wkhq ^| : f ;|1
Zhdn frqglwlrqv duh qhhghg wr lpso| srvlwlyh vdohv dqg wr lqvxuh wkdw htxdwlrq
+5144, krogv lq doo shulrgv1 Ohppdv  dqg e wrjhwkhu lpso| wkdw htxdwlrq +5144,
jlyhv W
| dqg doorz ghulydwlrq ri ^|ER|c |1
Iluvw/ li doo vhoohuv duh fkdujlqj |/ wkhq/ iru hyhu| vhoohu wkh txdqwlw| ri vdohv lv










Qrz frqvlghu d vhoohu zkr ghyldwhv iurp wkh pdunhw sulfh1 Li wkh vhoohu fxwv sulfh/
wkhq lw vhoov wr d odujhu vkduh ri wkh frqvxphuv zkr vhh lwv sulfh lq wkh fxuuhqw
shulrg1 Krzhyhu/ lw jdlqv qr vdohv iurp rwkhu vhoohuv vlqfh qr frqvxphu qgv lw
zruwk vhdufklqj dfurvv vxfk d odujh qxpehu ri vhoohuv zkhq lw nqrzv rqo| rqh vhoohu






Iru sulfh lqfuhdvhv/ wkh vhoohu pd| orvh vrph ri lwv fxvwrphuv1 Krzhyhu/ dv orqj
dv wkh sulfh lqfuhdvh lv vpdoohu wkdq S/ qr rqh ohdyhv wkh vhoohu wr vhdufk/ dowkrxjk
vrph frqvxphuv pd| ghflgh wr ghod| sxufkdvh udwkhu wkdq ex| ru vhdufk1 Wkxv/
htxdwlrq +5146, ghwhuplqhv ghpdqg iru R￿| 5 dS￿c |nS> iru kljkhu sulfhv/ ghpdqg
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:41 Frqvxphuv fkrrvh rswlpdoo| zkhwkhu wr vhdufk dqg zkhq wr ex|/ vr
frpelqlqj htxdwlrqv +51<, dqg +5144, |lhogv=

n
| 'E q  nq.|d|n￿o  |  B +5147,
51 Wkh iruflqj whup hyroyhv dffruglqj wr htxdwlrq +519,1
61 | uhsuhvhqwv d joredo surw pd{lpxp iru hdfk up1
71 .|3rd|o' |iru doo r  f1
81 Hdfk vhoohu rswlpl}hv/ vr wkdw lwv uvw0rughu frqglwlrq/ zklfk lv wkh iro0
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+5148,
Lq htxdwlrq +5148,/ wkh lqwhjudo whupv duh wkh pdunhw txdqwlw| vrog lq shulrg |/
dqg wkh uljkw0kdqg0vlgh lv wkh qhjdwlyh lqyhuvh ri wkh hodvwlflw| ri ghpdqg1 Qrwh
wkdw/ lq fkrrvlqj sulfhv/ upv wdnh wdnlqj 
n
| / | /d q g. |d  | n￿o dv jlyhq/ dqg wkdw
wkh uvw0rughu frqglwlrq lv hydoxdwhg dw wkh pdunhw sulfh1 Wrjhwkhu frqglwlrqv D
duh qhfhvvdu| dqg vx!flhqw iru d vhtxhqfh ri sulfhv dqg orzhvw xwlolw|  rzv +n,
wr frqvwlwxwh dq htxloleulxp1
Wzr pdlq ihdwxuhv ri wkh htxloleulxp frqglwlrqv gulyh lqwhuhvwlqj pdunhw g|0
qdplfv1 Iluvw/ lq htxdwlrq +5148,/ jlyhq d txdqwlw| ri vdohv lq |/ wkh kljkhu wkh
ghqvlw| ri frqvxphuv zkr duh lqglhuhqw ehwzhhq sxufkdvlqj lq | dqg | n+wkh
ghqrplqdwru ri wkh uljkw0kdqg vlgh,/ wkh orzhu lv wkh pdunxs1 Wkdw lv/ zkhq
wkh glvwulexwlrq ri frqvxphuv lv lqfuhdvlqj/ wkh pdunxs lv olnho| wr eh orzhu/ dqg
frqvxphuv zloo sxufkdvh vrrqhu wkdq li pdunxs zhuh khog frqvwdqw1 Vhfrqg/ wkh
txdqwlw| ri vdohv lv ghwhuplqhg uhodwlyh wr wkh h{shfwhg pdunhw sulfh lq wkh qh{w sh0
ulrg1 Vhoohuv duh xqdeoh wr vhoo li wrgd|*v sulfh lv vhw pxfk deryh ixwxuh sulfhv1 Qru
lv lw ihdvleoh wr sodq wr sulfh zhoo ehorz ixwxuh sulfhv vlqfh/ jlyhq vxfk d sodqqhg
ixwxuh sulfh/ frqvxphuv zkr pljkw fkrrvh wr ex| lq |nlqvwhdg ex| lq |1 Lq wklv
fdvh/ vhoohuv zrxog hqg xs kdylqj wr fxw ixwxuh sulfhv wr vdwlvi| wkhlu uvw rughu
frqglwlrqv dqg wr vhoo wr dq| frqvxphuv lq | n 1
61 Surshuwlhv ri G|qdplf Htxloleuld
6141 Wkh Vwhdg| Vwdwh
Wkh vwhdg| vwdwh ri wkh v|vwhp lv ghqhg dv wkrvh frqvwdqw txdqwlwlhv dqg sulfhv
wkdw vroyh frqglwlrqv  wkurxjk D zkhq wkh glvwulexwlrq ri frqvxphuv ryhu vwrfnv
lv  dw dqg hyroyhv ghwhuplqlvwlfdoo|1 Ohw k eh wkh khljkw ri wkh glvwulexwlrq ri
frqvxphuv ryhu xwlolw|  rzv/ l1h1 s|E'k; |
;Ohppd 81 Vwhdg| vwdwh htxloleulxp1 Wkh vwhdg| vwdwh lv xqltxho| ghwhuplqhg e|=
rr ' S￿ n S2kB n B +614,

n
rr 'E   q E  rr  B
'rr ' kB
Wkh vwhdg| vwdwh txdqwlw| vrog ghshqgv vroho| rq wkh qxpehu ri frqvxphuv
dw hdfk srlqw lq wkh glvwulexwlrq dqg wkh vshhg dw zklfk frqvxphuv* xwlolw|  rzv
ghsuhfldwh1 Qrwh wkdw wkh htxloleulxp pdunxs ulvhv zlwk wkh ghsuhfldwlrq udwh1
6151 Htxloleulxp dqg wkh Frdvh Frqmhfwxuh
Lq wklv prgho/ dv wkh ohqjwk ri d wlph shulrg jrhv wr }hur/ wkh pdunxs jrhv wr }hur
+lq htxdwlrq +614,/ wklv dprxqwv wr ohwwlqj B jr wr }hur,149 Wklv uhvxow iroorzv iurp
wkh vdph lqwxlwlrq dv wkh zhoo0nqrzq Frdvh +4<:5, frqmhfwxuh14: Vhoohuv fdqqrw
frpplw wr nhhslqj sulfh kljk/ vr wkdw dv wlph shulrgv ehfrph vkruwhu/ dqg iroorz
rqh dqrwkhu pruh txlfno|/ upv hyhqwxdoo| vhoo wr fxvwrphuv vr udslgo| wkdw wkh|
uxq rxw ri fxvwrphuv wr vhoo wr lq dq| jlyhq lqwhuydo ri uhdo wlph/ dqg sulfh idoov
wr pdujlqdo frvw14; Krzhyhu/ wklv ihdwxuh ri wkh prgho uhvxowv iurp dvvxpswlrqv
pdgh wr suhvhuyh wkh wudfwdelolw| ri wkh g|qdplf vroxwlrqv udwkhu wkhq iurp wkh
hfrqrplfv ri wkh sureohp1 Pruh vshflfdoo|/ hlwkhu d prgho lq frqwlqxrxv wlph
zlwk d pdwfklqj ixqfwlrq ru rqh lq zklfk vhdufk/ udwkhu wkdq frvwlqj S/w r r nd
{hg dprxqw ri uhdo wlph/ zrxog suhvhuyh wkh g|qdplfv ri lqwhuhvw dqg eh lppxqh
wr d Frdvh fulwltxh1
6161 Ghpdqg Ioxfwxdwlrqv zlwk Frqvwdqw Pdujlqdo Frvw
Iru jhqhudo vhtxhqfhv ri i}|Ej wkh vroxwlrqv wr wkh glhuhqfh htxdwlrqv +519,/
+5147, dqg +5148, duh gl!fxow wr fkdudfwhul}h hyhq qxphulfdoo|1 Pruhryhu/ wkh
v|vwhp pd| h{klelw pxowlsoh vroxwlrqv wr wkhvh frqglwlrqv14< Zkloh wkhuh pd| eh
49Ghvslwh wkh idfw wkdw wkh vl}h ri wkh pdunxs jrhv wr }hur dv wkh ohqjwk ri d shulrg jrhv wr
}hur/ wkh shufhqw  xfwxdwlrq lq wkh pdunxs ryhu wkh f|foh uhpdlqv frqvwdqw1
4:Vhh Exorz +4<;5,dqg Vwrnh| +4<;4, iru surriv dqg glvfxvvlrq ri wkh urexvwqhvv ri wkh Frdvh
frqmhfwxuh1 Ghsuhfldwlrq fdq holplqdwh wklv uhvxow/ vhh Kdplowrq +4<<9,1
4;Dqrwkhu zd| ri orrnlqj dw wklv wkrxjkw h{shulphqw lv wkdw dv wkh ohqjwk ri d wlph shulrg
jrhv wr }hur/ ihzhu dqg ihzhu ex|huv sxufkdvh lq dq| jlyhq shulrg/ vr wkdw vhoohuv qr orqjhu
zruu| derxw orvlqj surwv rq wkhlu lqiudpdujlqdo fxvwrphuv1 Lw lv wkh suhvhqfh ri lqiudpdujlqdo
fxvwrphuv zklfk jhqhudwhv pdunxsv1
4<Wklv srvvlelolw| dulvhv iurp wkh frpsoh{lw| ri wkh qrqolqhdu glhuhqfh htxdwlrqv ehlqj vroyhg
+lq dgglwlrq wr ehlqj qrqolqhdu/ htxdwlrq +5148, frqwdlqv ydoxhv ri wkh vwdwh yduldeoh lqvlgh wkh
iruflqj ixqfwlrq, dqg iurp wkh odfn ri uhvwulfwlrq rq wkh ghpdqg fxuyh lq hdfk shulrg1 Wkh odwwhu
gl!fxow| lv hqghplf wr pdunhw dqdo|vlv/ dqg prvw uhvhdufk holplqdwhv wkh srvvlelolw| e| dvvxplqj
d qlfh ixqfwlrqdo irup iru wkh ghpdqg fxuyh1 Vlqfh wkh ghpdqg fxuyh lq wkh fxuuhqw zrun ghshqgv
fuxfldoo| rq sdvw dfwlrqv dv zhoo dv wkh lqsxw vshflfdwlrq/ wkh pruh  h{leoh dssurdfk ri h{dplqlqj
hdfk fdvh lv fkrvhq1
<lqwhuhvwlqj hfrqrplf lpsolfdwlrqv ri pxowlsoh htxloleuld lq wklv g|qdplf v|vwhp/
wklv lv ohiw wr odwhu uhvhdufk1 Iru qrz/ wr fkdudfwhul}h wkh lqwhuhvwlqj ihdwxuhv
ri htxloleulxp pdunhw g|qdplfv/ d vroxwlrq wr frqglwlrqv   D lv irxqg iru d
glvwulexwlrq ri xwlolw|  rzv ryhu frqvxphuv/ s|E/ wkdw kdv lqqlwho| uhshdwlqj/
ghwhuplqlvwlf f|fohv1 Wkdw lv/ lq vroylqj wkh prgho/ sfE lv fkrvhq wr eh shulrglf/
dqg htxloleulxp sulfh dqg txdqwlw| g|qdplfv duh irxqg zlwk wkh vdph shulrg1 L xvh
d pxowlsoh vkrrwlqj whfkqltxh wr qg d vhulhv ri sulfhv dqg fxwr xwlolw|  rzv wkdw
vdwlvi| wkh htxloleulxp frqglwlrqv/ wdnlqj wkh vwhdg|0vwdwh ydoxhv dv wkh vwduwlqj
srlqwv iru wklv vhdufk surfhvv153 Wkh glvwulexwlrq ri frqvxphuv ryhu vwrfnv lv wdnhq
wr eh d vtxduh zdyh1 Zkhq lqwhusuhwlqj wkh f|fohv/ rqh pxvw nhhs lq plqg wkdw
vlqfh wkhvh vroxwlrqv dvvxph fhuwdlqw|/ rqh vkrxog rqo| h{wudsrodwh wr lpsolfdwlrqv
iru h{shfwhg hfrqrplf  xfwxdwlrqv1
Iljxuhv / / dqg  glvsod| wkh uhvxowv ri d w|slfdo vlpxodwlrq zkhq upv
kdyh frqvwdqw pdujlqdo frvwv154 Wkh jxuhv ghprqvwudwh wkdw sulfh lv vhw lq sduw
dffruglqj wr wkh fkdqjh lq wkh khljkw ri wkh glvwulexwlrq1 Wkdw lv/ zkhq d odujh
oxps ri frqvxphuv jhwv qhdu wr ex|lqj/ sulfh ghfolqhv dqg txdqwlw| vrog lqfuhdvhv1
Wklv hhfw fdxvhv d uhgxfhg pdunxs rq wkh xs0vlgh ri errpv155 Ixuwkhu/ qrwlfh wkdw
wklv hhfw dovr gulyhv grzq wkh sulfh dqg txdqwlw| lpphgldwho| ehiruh wkh errp1
Frqvxphuv nqrz wkdw wkh sulfh zloo idoo lq shulrg 2/ vr wkh| vxevwlwxwh wrzdugv wkdw
shulrg> vhoohuv uhvsrqg e| fxwwlqj sulfh lq shulrg 1 Wkxv frqvxphu rswlpl}dwlrq
vprrwkv sulfh1 Khuh/ wkh vkdus fkdqjh lq hodvwlflw| fdxvhg e| wkh  xfwxdwlrq lq wkh
glvwulexwlrq jkwv wkh sulfh0vprrwklqj hhfw ri ex|hu lqwhuwhpsrudo rswlpl}dwlrq1
Wkh xsvkrw lv wkdw lpphgldwho| ehiruh wkh errp/ wkhuh lv d uhfhvvlrq dpsolhu dv
frqvxphuv ghod| sxufkdvlqj wr wdnh dgydqwdjh ri wkh orzhu sulfhv dw wkh ehjlqqlqj
ri wkh errp1
D vlplodu vhw ri idfwruv dfw dw wkh hqg ri wkh errp wr dpsoli| wkh hqg ri
wkh errp/ dv frqvxphuv vxevwlwxwh dzd| iurp wkh kljk sulfhv wkdw rffxu dw wkh
ehjlqqlqj ri wkh uhfhvvlrq1 Diwhu wkh uhfhvvlrq ehjlqv/ frqvxphuv kdyh mxvw ehhq
zdlwlqj wr sxufkdvh dqg pdq| kdyh orz vwrfnv +Iljxuh ,1 Wkxv sulfh ghfolqhv
rqo| vorzo| gxh wr wkh suhvhqfh ri ihzhu lqiudpdujlqdo frqvxphuv dw wkh vwduw ri
wkh orz0ghpdqg wlph1
6171 Ghpdqg Ioxfwxdwlrqv zlwk Lqfuhdvlqj Pdujlqdo Frvw
Wkh vhfrqg vlpxodwlrq hpsor|v wkh vdph f|folqj glvwulexwlrq ri frqvxphuv ryhu
xwlolw|  rzv/ exw qrz frqvlghuv vhoohuv zlwk lqfuhdvlqj pdujlqdo frvwv1 Iljxuhv 2
wkurxjk 2( glvsod| wkh uhvxowv ri d w|slfdo vlpxodwlrq1
53Vhh Mxgg +4<<6, iru ghvfulswlrq ri pxowlsoh vkrrwlqj whfkqltxhv1 Wkh surjudp fkhfnv wkdw
doo orfdo rswlpd iru vhoohuv duh joredo rswlpd/ dqg dovr/ iru urexvwqhvv/ wkdw txdqwlw| lv zhdno|
srvlwlyh lq hyhu| shulrg1
54Gxh wr wkh vw|ol}hg qdwxuh ri wkh prgho/ wkh prgho lv qrw fdoleudwhg eh|rqg vhwwlqj wkh
sdudphwhuv vr sulfh h{fhhgv pdujlqdo frvw e| 48 wr 53 shufhqw lq doo ri wkh vlpxodwlrqv1
55L zrxog dujxh wkdw lw lv h{dfwo| wklv hhfw zklfk ohdgv uhwdlohuv wr rhu suh0vhdvrq vdohv rq
vhdvrqdo lwhpv/ vxfk dv forwklqj1
43Wkuhh srlqwv fdq eh wdnhq iurp wklv h{shulphqw1 Iluvw/ wkh sulfh0vprrwklqj
hhfw ri frqvxphu lqwhuwhpsrudo rswlpl}dwlrq lv pxfk pruh srzhuixo wkdq wkh sulfh
uhvsrqvhv ri upv wr fkdqjhv lq wkh khljkw ri wkh glvwulexwlrq1 Wkh sulfh fkdqjhv
dqdo|}hg deryh duh vwloo suhvhqw/ krzhyhu/ dqg duh ylvleoh lq wkh dv|pphwu| ri wkh
jxuhv1 Wkxv/ lq wklv fdvh/ vkdus vzlqjv lq wkh glvwulexwlrq duh qrw qhfhvvdu| wr
jhw vljqlfdqw fkdqjhv lq pdunxsv dqg wkh wlplqj ri vdohv1
Vhfrqg/ wkh pdlq hhfw ri lqfuhdvlqj pdujlqdo frvw lv wr lqfuhdvh sulfh lq errpv
dqg wkhuhiruh ghfuhdvh txdqwlw| dqg vprrwk vdohv ryhu wkh f|foh1 Wklv hhfw jhq0
hudwhv sursdjdwlrq ri lqfuhdvhv lq ghpdqg1 Doo ex|huv srvwsrqh +ru dffhohudwh,
sxufkdvh voljkwo| vr dv wr pryh wrzdugv orzhu0sulfh shulrgv1
Wklug/ lqwhuwhpsrudo vxevwlwxwlrq e| frqvxphuv urev upv ri wkhlu pdunhw
srzhu gxulqj errpv1 Ex|huv duh ohvv zloolqj wr sxufkdvh ehfdxvh sdvw dqg ix0
wxuh sulfhv duh orzhu1 Wklv vxevwlwxwlrq e| frqvxphuv fdxvhv d uhgxfwlrq lq wkh
pdunxs zkhq vdohv duh kljk156 Iljxuh 2/v k r z v n/ wkh xwlolw|  rz iru wkh ex|hu
zlwk wkh orzhvw xwlolw|  rz1 Lpphgldwho| ehiruh wkh errp/ n ulvhv dv frqvxphuv
ex| hduolhu wkdq wkh| zrxog kdyh li sulfhv kdg vwd|hg frqvwdqw1 Wkxv zkhq wkh
errp ehjlqv/ vhoohuv qg wkhpvhoyhv idflqj frqvxphuv zkr kdyh kljkhu dprxqwv
ri wkhlu rog jrrgv ohiw1 Lq frpshwlqj wr vhoo wr wkhvh frqvxphuv/ upv orzhu wkhlu
pdunxsv1 Vhoohuv rqo| vorzo| lqfuhdvh wkhlu sulfhv rqfh lq wkh errp/ dv n idoov
wrzdugv lwv htxloleulxp ohyho1 Lqyhuvho|/ dw wkh hqg ri wkh errp/ frqvxphuv ghod|
wkhlu sxufkdvhv/ dqg wklv ghfuhdvhv sulfhv ehiruh wkh hqg ri wkh errp dqg vprrwkv
wkh sulfh dqg txdqwlw|  xfwxdwlrq rq wkh grzqvlgh1
Wr vxppdul}h wkh lpsolfdwlrqv ri wkhvh wzr frpsxwdwlrqdo h{shulphqwv/ lq
pdunhwv lq zklfk wkh wlplqj ri sxufkdvhv lv lpsruwdqw=  zkhq pdujlqdo frvwv duh
 dw/ sulfhv dqg pdunxsv vkrxog eh orz zkhq txdqwlw| lqfuhdvhv dw wkh ehjlqqlqj
ri errpv> 2 zkhq pdujlqdo frvwv duh lqfuhdvlqj/ errpv vkrxog eh vprrwkhg dqg
pdunxsv vkrxog eh frxqwhuf|folfdo1
71 Surshuwlhv ri G|qdplf Frooxvlyh Htxloleuld
7141 Vhoohuv
Zkhq vhoohuv duh deoh wr frooxgh/ wrwdo surwv duh pd{lpl}hg e| wkh vhtxhqfh ri
sulfhv zklfk zrxog eh fkrvhq e| d prqrsrolvw zkr rzqhg doo wkh upv157 Rqh fdq
zulwh wklv uhfxuvlyho| dv=
56Ehfdxvh wkh frvwv ri surgxfwlrq duh txdgudwlf/ wkh udwlr ri sulfh wr pdujlqdo frvw ghfolqhv
lq vwhdg| vwdwh zlwk lqfuhdvhv lq wkh khljkw ri wkh glvwulexwlrq1 Vlqfh wklv lv qrw qryho qru wkh
lqwhuhvwlqj vrxufh ri pdunxs f|folfdolw| lq wklv sdshu/ L uhsruw sulfh ohvv pdujlqdo frvw dv wkh
pdunxs1
57L frqwlqxh wr dvvxph wkdw wkh frooxglqj upv ru prqrsrolvw wdnh Hw^Sw.4` dv jlyhq zkhq
fkrrvlqj Sw/ dv lv vwdqgdug1 Vhh iru h{dpsoh Elov +4<;<,1 Krzhyhu/ xvlqj d vhoi0sxqlvkphqw
vfkhph/ lw pd| eh srvvleoh iru upv wr udwlrqdoo| lqwhuqdol}h wkh hhfwv ri fkdqjhv lq wrgd|*v
sulfh rq frqvxphu h{shfwdwlrqv ri wrpruurz*v sulfh1 Vhh Kdplowrq +4<<9,1
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Krzhyhu/ lw pd| qrw eh srvvleoh wr pdlqwdlq wklv rswlpdo ohyho ri frooxvlrq158 Li d
up ghyldwhv iurp wkh suhvfulehg sulfh vhtxhqfh/ lw zloo fxw sulfh dqg wu| wr vwhdo
frqvxphuv iurp wkh ixwxuh ghpdqg ri doo upv1 Wkh xvxdo sxqlvkphqw vwudwhj|
lqyroyhv doo rwkhu upv vhwwlqj sulfhv wr sxqlvk wkh ghihfwru lq wkh vxevhtxhqw
shulrg1 Khuh krzhyhu wkh rswlpdo frooxvlyh duudqjhphqw fdq eh pdlqwdlqhg e|
vxevhtxhqw sulflqj wkdw pdnhv wkh rqh0shulrg sd|r wr ghihfwlqj }hur lq wkh shulrg
ri ghihfwlrq1 Diwhu vhhlqj dq| sulfh ehorz wkh frooxvlyh sulfh/ doo upv fkrrvh wkh
odujhvw sulfh wkdw pdnhv dq| frqvxphuv zkr sxufkdvhg iurp wkh ghihfwru zlvk wkdw
wkh| kdg qrw1 Lq htxloleulxp/ wkhvh frqvxphuv wkhuhiruh zrxog qrw1 Vxevhtxhqwo|/
wkh upv doo uhwxuq wr frooxvlrq159 Dv orqj dv shulrgv duh qrw vr idu dsduw wkdw
wkhvh sulfhv pxvw eh yhu| glhuhqw/ frooxvlrq fdq eh pdlqwdlqhg15:
Xvlqj wkh uvw0rughu frqglwlrq dqg wkh hqyhorsh frqglwlrq |lhogv wkh iroorzlqj












Zkhq wkh upv frqvlghu d sulfh lqfuhdvh wkh| edodqfh wkh dgglwlrqdo uhwxuq rq wkh
lqiudpdujlqdo ex|huv/ ^|E|c |dqg wkh jdlq lq surwv rq lqfuhdvhg vdohv lq | n
djdlqvw wkh ghfuhdvh lq surw iurp orvw vdohv lq wkh fxuuhqw shulrg1
7151 Pdunhw Htxloleulxp
Ohppdv  vwloo dsso| zkhq upv duh frooxglqj/ exw upv pd| fkrrvh vdohv htxdo
wr }hur15; Udwkhu wkdq nhhs wudfn ri wkhvh fruqhu vroxwlrqv/ dwwhqwlrq lv uhvwulfwhg
wr  xfwxdwlrqv lq ghpdqg wkdw jhqhudwh srvlwlyh vdohv lq hyhu| shulrg1
Htxdwlrq +5145, ghwhuplqhv txdqwlw|/ vr wkdw wkh up*v uvw0rughu frqglwlrqv
fdq eh uhzulwwhq wr uhsodfh frqglwlrq D dv=
-
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58Lqghhg/ Urwhpehuj dqg Vdorqhu +4<;9, dujxh wkdw gl!fxow| lq pdlqwdlqlqj frooxvlrq gxulqj
errpv fdxvhv sulfhv wr idoo iurp prqrsrolvwlf ohyhov dqg ohdgv wr frxqwhuf|folfdo pdunxsv1
59Qrwh wkdw wklv htxloleulxp lv qrw uhqhjrwldwlrq0surri1
5:L zrxog dujxh wkdw wklv lv zk| frooxvlrq lv srvvleoh lq lqgxvwulhv olnh wkh dluolqh lqgxvwu| zkhuh
wkh wlplqj ri sxufkdvhv lv lpsruwdqw1
5;Zkloh h{lvwhqfh lv vwloo dvvxuhg/ wkh up uvw0rughu frqglwlrq grhv qrw krog lq shulrgv ri }hur
vdohv1
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Wkh uvw htxdolw| frphv iurp htxdwlrq +5145,/ wkh vhfrqg iurp htxdwlrq +519,/ wkh
wklug iurp htxdwlrq +51<,/ wkh qdo rqh iurp htxdwlrq +5145,1
7161 Wkh Vwhdg| Vwdwh
Zkhq vhoohuv duh frooxglqj wkh vwhdg| vwdwh sulfh/ txdqwlw| dqg fxwr xwlolw|  rz
duh=5<
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Dv lq wkh qrqfrooxvlyh fdvh/ wkh vwhdg|0vwdwh pdunxs zrxog jr wr }hur li wlph
shulrgv zhuh pdgh lqqlwho| qh163
Zkhq upv frooxgh dqg kdyh frqvwdqw pdujlqdo frvw/ sulfhv duh doprvw frqvwdqw
lq wkh idfh ri ghpdqg  xfwxdwlrqv1 Frooxglqj upv lqwhuqdol}h wkh hhfw ri sulfh
fkdqjhv wrgd| rq vdohv wrpruurz1 Ilupv gr qrw kdyh dq lqfhqwlyh wr fxw sulfhv
wr vwhdo vdohv iurp wkhlu frpshwlwruv* srro ri srwhqwldo ixwxuh vdohv1 Wkxv erwk
upv dqg frqvxphuv vhhn wr vprrwk sulfhv/ vr wkdw sulfhv duh hhfwlyho|  dw lq wklv
vfhqdulr164
7171 Ghpdqg Ioxfwxdwlrqv zlwk Lqfuhdvlqj Pdujlqdo Frvw
Iljxuhv  wr ( glvsod| wkh uhvxowv ri d w|slfdo vlpxodwlrq zkhq frooxglqj upv
kdyh lqfuhdvlqj pdujlqdo frvwv165 Lq wklv fdvh/ ex|hu lqwhuwhpsrudo rswlpl}dwlrq
dfwv wr vprrwk sulfh dqg txdqwlw|  xfwxdwlrqv1 Vhoohuv/ rq wkh rwkhu kdqg/ wu| wr
nhhs pdunxsv urxjko| frqvwdqw1 Wkh| duh zloolqj wr fxw pdujlqv dw wkh ehjlqqlqj
5<Dv lq Ohppd 8/ wkh vwhdg| vwdwh lv xqltxh1 Wkh surri iroorzv h{dfwo| wkdw ri Ohppd 81
63Lq wkh frqwh{w ri wklv dqdo|vlv/ ghsuhfldwlrq lv sursruwlrqdo wr wkh surgxfw ri uhdo hfrqrplf
ghsuhfldwlrq dqg wkh pdjqlwxgh ri wkh shu0shulrg xwlolw|  rz1 Ohwwlqj Cw eh wkh ohqjwk ri d
shulrg/ uhdo hfrqrplf ghsuhfldwlrq/ h / jrhv wr }hur dw wkh vdph udwh dv Cw1 Wkh iruhjrqh xwlolw|
 rz iurp ghod|lqj sxufkdvh iru d shulrg/ zklfk lv sursruwlrqdo wr xwlolw|  rz/ x/ jrhv wr }hur dw
w k hv d p hu d w hd vCw1 Wkh vhfrqg hhfw lv wkh hvvhqfh ri wkh Frdvh frqmhfwxuh/ dqg zlwkrxw lw/
sulfh zrxog h{fhhg pdujlqdo frvw lq wkh olplw1 Dv lw lv krzhyhu/ ￿
4￿U￿4 @ ￿
u+4 . u, $ 3 dw udwh
Cw/v l q f hu$3dw udwh Cw dqg  $ 3 dw udwh +Cw,51
64Frooxglqj upv vhhn wr vkliw vdohv iruzdug ehfdxvh vdohv wrgd| duh zruwk pruh wkdq ixwxuh
vdohv/ dqg/ li ghpdqg lv lqfuhdvlqj/ ehfdxvh lqiudpdujlqdo vdohv duh ohvv lpsruwdqw wkdq pdujlqdo
vdohv1 Wklv grhv ohdg wr vrph vpdoo sulfh yduldwlrq ryhu d f|foh/ exw lw lv pruh wkdq dq rughu ri
pdjqlwxgh vpdoohu wkdq wkdw ri wkh rwkhu vlpxodwlrqv1
65Grprzlw}/ Kxeedug dqg Shwhuvhq +4<;:, dovr h{dplqh wklv fdvh dqg dujxh wkdw lw lpsolhv d
frxqwhuf|folfdo pdunxs1
46ri wkh errp/ krzhyhu/ vlqfh jhwwlqj ex|huv wr ex| hduo| khosv wr nhhs frvwv orzhu1
Ilupv dovr udlvh sulfhv dw wkh hqg ri wkh errp ehfdxvh orvlqj vrph ex|huv wr wkh
ixwxuh khosv wr nhhs frvwv orz1 Wkxv/ wklv pdunhw vwuxfwxuh suhglfwv wkdw pdunxsv
vkrxog eh orzhvw dw wkh vwduw ri errpv/ zkhq ghpdqg lv lqfuhdvlqj/ dv lq wkh uvw
fdvh dqdo|}hg1 Sulfh dqg txdqwlw| g|qdplfv plplf wkh g|qdplfv ri wkh qrqfrooxvlyh
fdvh zlwk lqfuhdvlqj pdujlqdo frvwv= sulfhv ulvh lq errpv dqg txdqwlw|  xfwxdwlrqv
duh vprrwkhg dqg sursdjdwhg1
81 Uhodwhg Prghov ri Pdunxsv dqg Gxudeoh Jrrgv
Erwk Frqolvn/ Jhuvwqhu dqg Vreho +4<;7, dqg Grprzlw} hw do1 +4<;:, suhvhqw prg0
hov vlplodu lq vslulw wr wkh fxuuhqw prgho lq wkdw ghpdqg lv vkliwhg dqg pdunxsv
duh frxqwhuf|folfdo1 Lq Frqolvn hw do1 +4<;7,/ krzhyhu/ ghpdqg fdqqrw eh vkliwhg
iruzdug dqg upv gr qrw frpshwh iru vdohv1 Udwkhu wzr vruwv ri frqvxphuv hqwhu
wkh pdunhw hyhu| shulrg1 D prqrsrolvw vhoov wr ghvshudwh frqvxphuv lq hyhu| sh0
ulrg/ e| qhyhu orzhulqj sulfh wrr idvw1 Wkhq/ hyhu| vr riwhq/ sulfh jhwv grzq wr wkh
uhvhuydwlrq sulfh ri wkh orz0ghpdqg frqvxphuv/ zkr kdyh ehhq slolqj xs xqvdwldwhg
lq wkh pdunhw/ dqg doo frqvxphuv ex|1 Lq wkh qh{w shulrg/ sulfh mxpsv xs wr wkh
uhvhuydwlrq sulfh ri wkh ghvshudwh frqvxphuv dqg vdohv duh rqo| wr wkh ghvshudwh
frqvxphuv dv sulfh vorzo| ghfolqhv djdlq1 Wklv prgho wkxv kdv hqgrjhqrxv f|0
fohv/ frxqwhuf|folfdo pdunxsv/ dqg wkh vkliwlqj ri vdohv/ exw wkurxjk d prqrsrolvw*v
rswlpdo vwudwhj| udwkhu wkdq lqwhuwhpsrudo frpshwlwlrq iru frqvxphuv1
Grprzlw} hw do1 +4<;:, h{soruh vlplodu lvvxhv lq wkh frqwh{w ri d wzr0shulrg
prgho ri d prqrsrolvw1 Lq wkhlu prgho/ pdunxsv duh frxqwhuf|folfdo ehfdxvh wkh
prqrsrolvw grhv qrw zdqw wr fxw sulfhv zkhq ghpdqg lv orz/ vlqfh lw fdq pdnh wkh
vdohv odwhu1 Wklv g|qdplf lv prvw vlplodu wr wkh sulfh vprrwklqj fdvh h{dplqhg lq
wkh suhylrxv vhfwlrq1
Ehiruh prylqj wr whvwlqj wkh lpsruwdqfh ri wklv prgho iru sulfh dqg pdunxs
g|qdplfv L frqwudvw lwv suhglfwlrqv zlwk wkh irxu pdlq dowhuqdwlyh prghov ri frxq0
whuf|folfdo pdunxsv1 Iluvw/ dqg prvw forvho| uhodwhg duh fxvwrphu pdunhw prghov/
dv lq Skhosv dqg Zlqwhu +4<:3, dqg Elov +4<;<,1 Lq vxfk prghov/ upv kdyh uhshdw
fxvwrphuv/ iru zkrp lqwhuup frpshwlwlrq lv zhdn/ dqg srwhqwldo qhz fxvwrphuv/
iru zkrp lqwhuup frpshwlwlrq lv vwurqj1 Zkhq qhz fxvwrphuv duh uhodwlyho| pruh
lpsruwdqw wkdq uhshdw fxvwrphuv wkdw lv zkhq ghpdqg lv lqfuhdvlqj pdunxsv
duh orz1 Wklv sulflqj ehkdylru grhv qrw vkliw ghpdqg1 Fkhydolhu dqg Vfkduivwhlq
+4<<7, dqdo|}h d yduldqw ri wklv prgho lq zklfk upv dovr idfh fdvk frqvwudlqwv dqg
wkxv lqfuhdvh pdujlqv zkhq fdvk  rz lv orz1 Pdunxsv duh kljk zkhq ghpdqg lv
orz/ dqg/ djdlq/ wkh wlplqj ri ghpdqg  xfwxdwlrqv lv xqfkdqjhg1 Wkxv/ wkh edvlf
suhglfwlrqv iru wkh g|qdplfv ri vdohv dqg pdunxsv lq wkh fxvwrphu pdunhw duh wkh
vdph dv iru wkh wlplqj prgho1 Krzhyhu/ wkh nh| glhuhqfh lv wkdw wkh fxvwrphu
pdunhw vwru| vkrxog dsso| wr pdunhwv lq zklfk uhshdw sxufkdvhv dqg vzlwfklqj
frvwv duh lpsruwdqw/ vxfk dv lq wkh vxshupdunhw lqgxvwu| zklfk Fkhydolhu dqg
47Vfkduivwhlq +4<<7, dqdo|}h1 Wkh wlplqj prgho suhglfwv wkhvh g|qdplfv lq pdunhwv
lq zklfk wlplqj lv nh|1
Vhfrqg/ Urwhpehuj dqg Vdorqhu +4<;9, dqg Urwhpehuj dqg Zrrgirug +4<<4,
dujxh wkdw lpsolflw frooxvlrq dprqj upv ehfrphv pruh gl!fxow zkhq wkh vl}h ri
surwv lq wkh suhvhqw duh juhdwhu wkdq surwv lq wkh ixwxuh1 Lq rughu wr pdlqwdlq
frrshudwlrq dprqj upv/ pdujlqv duh wkhuhiruh orzhvw zkhq ghpdqg lv ghfuhdvlqj1
Wklv prgho kdv wkh rssrvlwh lpsolfdwlrq iurp wkh wlplqj prgho/ dqg lv pruh olnho|
wr dsso| wr kljko| frqfhqwudwhg pdunhwv1
Wklug/ Elov +4<<4, prghov d pdunhw iru gxudeohv lq zklfk kljk0lqfrph frq0
vxphuv duh wkh pdujlqdo frqvxphuv ghflglqj zkhwkhu wr sxufkdvh wkh jrrg lq uh0
fhvvlrqv/ zkloh plggoh0lqfrph frqvxphuv duh wkh pdujlqdo frqvxphuv lq errpv1
Vlqfh wkhuh duh idu pruh plggoh0lqfrph frqvxphuv/ wkh hodvwlflw| ri ghpdqg lv
kljkhu lq errpv/ dqg wkhuhiruh pdunxsv orzhu1 Zkloh wklv prgho suhglfwv wkdw
gxudeoh jrrgv vkrxog kdyh pruh frxqwhuf|folfdo pdunxsv/ lw grhv qrw lqfrusrudwh
wkh hhfw ri gxudelolw| rq wkh frqvxphu vlgh ri wkh pdunhw1 Ixuwkhu/ wkhuh duh
pdq| ghjuhhv ri ox{xulrxvqhvv lq gxudeohv dqg wkh uhodwlyh lpsruwdqfh ri pdujlqdo
sxufkdvhuv pd| zhoo eh uhyhuvhg iru jrrgv ehvlghv wkh prvw ox{xulrxv1
Ilqdoo|/ shukdsv wkh prvw zlghvsuhdg wkhru| ri frxqwhuf|folfdo pdunxsv frphv
iurp prghov ri qrplqdo sulfh vwlfnlqhvv1 Lq wkhvh prghov sulfhv gr qrw lqfuhdvh
zkhq ghpdqg lqfuhdvhv gxh wr frvwv ri fkdqjlqj qrplqdo sulfhv1 Vxfk prghov jhq0
hudoo| uhtxluh uhdo uljlglwlhv vpdoo surw orvvhv wr vpdoo ghyldwlrqv ri sulfh iurp lwv
rswlpdo ohyho dqg qrplqdo uljlglwlhv vpdoo frvwv ri fkdqjlqj sulfhv1 Frqvlghulqj
wlplqj pdnhv wkh uhdo sulfh vwlfn|1 Wkdw lv/ li upv zhuh wr fkdujh sulfhv pxfk
deryh h{shfwhg ixwxuh sulfhv/ ex|huv zrxog ghod| sxufkdvhv1 Vpdoo ghyldwlrqv ri
sulfhv iurp h{shfwhg ixwxuh sulfhv fdq eh yhu| frvwo|1 Wkxv wkh uhdo sulfh lv wljkwo|
frqvwudlqhg dqg zloo qrw eh doorzhg wr vwud| idu iurp lwv rswlpdo ohyho1 Wkdw lv/ uhdo
sulfh uljlglw| lv uhgxfhg e| uhdo sulfh vwlfnlqhvv1 Zlwk f|folfdo fkdqjhv lq wkh jhq0
hudo sulfh ohyho/ li wkh wlplqj prgho dssolhv wr dq lqgxvwu|/ vpdoo frvwv ri fkdqjlqj
sulfhv duh ohvv olnho| wr kdyh uhdo hhfwv dqg fdxvh frxqwhuf|folfdo pdunxsv1
91 Hpslulfdo Hylghqfh
Lq wklv vhfwlrq/ L txdqwli| wkh lpsruwdqfh ri wkh g|qdplfv ghulyhg iurp wkh wkhr0
uhwlfdo prgho1 Xvlqj lqgxvwu| gdwd rq sulfhv/ vdohv/ dqg pdunxsv/ L whvw wkh wkuhh
pdlq k|srwkhvhv wdnhq iurp wkh prgho vlpxodwlrqv1 Lq lqgxvwulhv wkdw vhoo jrrgv
iru zklfk wkh delolw| ri ex|huv wr wlph wkhlu sxufkdvhv lv lpsruwdqw=  sulfh uh0
dfwlrqv wr ghpdqg  xfwxdwlrqv duh vpdoo +vlqfh ex|hu lqwhuwhpsrudo rswlpl}dwlrq
vprrwkv sulfhv,> 2 zkhq vdohv duh lqfuhdvlqj/ sulfhv dqg pdunxsv vkrxog eh orz
+dffruglqj wr wkh uvw dqg wklug vlpxodwlrqv,>  pdunxsv vkrxog eh frxqwhuf|folfdo
+zkhq pdujlqdo frvwv duh lqfuhdvlqj,1
489141 Wkh Gdwd
Wkh pdlq gdwdvhw hpsor|hg lv wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU,
surgxfwlylw| gdwdedvh/ zklfk frqwdlqv dqqxdo gdwd rq lqgxvwu| lqsxwv/ vdohv/ dqg
sulfhv dw wkh ohyho ri wkh irxu0gljlw VLF frgh1 Wkh gdwdvhw fryhuv eDf lqgxvwulhv
iurp bDH wr bb1 Lwv vwuhqjwk lv fduhixo dwwhqwlrq wr whpsrudo frqvlvwhqf| ri
lqgxvwu| dqg yduldeoh ghqlwlrqv1 Lw lqfoxghv phdvxuhv ri lqgxvwu| vdohv dqg lqsxwv
lqfoxglqj lqwhuphgldwh jrrgv dqg udz pdwhuldov dqg sulfh gh dwruv iru doo lqsxwv
h{fhsw wkh fdslwdo vwrfn/ zkhuh lqvwhdg wkh gdwdedvh lqfoxghv d gh dwru iru qhz
lqgxvwu| lqyhvwphqw1 Oderu lqsxw lv ghfrpsrvhg lqwr surgxfwlrq zrunhu krxuv dqg
qrqsurgxfwlrq zrunhu hpsor|phqw1 Dsshqgl{  frqwdlqv ixuwkhu ghwdlov rq wkh
gdwd1
Wkh vhfrqg vhw ri gdwd frphv iurp Elov dqg Nohqrz +4<<8,1 Wkh| uhsruw gxud0
elolw| phdvxuhv wdnhq iurp wkh Exuhdx ri Hfrqrplf Dqdo|vlv +EHD, dqg lqvxudqfh
frpsdq| hvwlpdwhv zklfk fdq eh hdvlo| pdwfkhg wr wkh rxwsxw ri lqgxvwulhv fodv0
vlhg e| irxu0gljlw VLF1 Wklv phdvxuh ri gxudelolw| lv dq lpshuihfw phdvxuh ri wkh
frqfhsw ri lqwhuhvw= krz hdvlo| frqvxphuv fdq vkliw wkh sxufkdvh ri d jrrg wkurxjk
wlph1 Elov dqg Nohqrz +4<<8, dovr xvh wkh Frqvxphu H{shqglwxuh Vxuyh| +FH[,
wr frqvwuxfw Hqjho fxuyhv e| jrrg2lqgxvwu| iru wkh vdph lqgxvwulhv1 Krzhyhu/ wkh|
kdyh gl!fxowlhv zlwk plvvlqj gdwd/ ehfdxvh pdq| krxvhkrogv lq wkh gdwd gr qrw
sxufkdvh hyhu| jrrg1 Wkh| uhsruw wkhvh iudfwlrqv/ zklfk iru wkhlu zrun uhsuhvhqw d
qxlvdqfh1 Iru wkh suhvhqw whvwv krzhyhu wkhvh gdwd duh dqrwkhu lpshuihfw phdvxuh
ri wkh frqfhsw ri lqwhuhvw1 Iurp wkh uhsruwhg vwdwlvwlfv/ L frqvwuxfw d yduldeoh wkdw
uhsuhvhqwv wkh shufhqw ri krxvhkrogv zklfk gr qrw sxufkdvh d jlyhq jrrg gxulqj
d rqh |hdu shulrg166 Wkhuh lv d kljk fruuhodwlrq ehwzhhq wkhvh wzr phdvxuhv1 Iru
h{dpsoh/ prwruf|fohv duh qrw sxufkdvhg e| bb shufhqw ri krxvhkrogv/ uhiuljhudwruv
dqg iuhh}huv e| b2 shufhqw/ dqg eolqgv dqg vkdghv e| b shufhqw1 Wdeohv BB dqg
E15 lq Dsshqgl{  jlyh wkh lqgxvwu| qdphv/ VLF frghv/ iuhtxhqf| ri sxufkdvh dqg
gxudelolw| phdvxuhv1
Diwhu holplqdwlqj lqgxvwulhv iru zklfk iuhtxhqf| dqg gxudelolw| gdwd duh qrw
dydlodeoh/ wkhuh duh fb lqgxvwulhv167 Gxh wr d odujh qxpehu ri rxwolhuv lq wkh
uvw |hdu/ L xvh gdwd iurp bDb wr bb rq hdfk lqgxvwu|/ ohdylqj d wrwdo ri Db.
revhuydwlrqv1
Wklug/ phdvxuhv ri lqgxvwu| irxu0up frqfhqwudwlrq udwlrv duh xvhg wr fdswxuh
glhuhqfhv lq f|folfdolw| zklfk duh gxh wr pdunhw srzhu1 Urwhpehuj dqg Vdorqhu
+4<;9,/ dv glvfxvvhg/ dujxh wkdw frooxvlrq sod|v dq lpsruwdqw uroh lq sulfh vprrwk0
lqj1 Wkh gdwd duh dw wkh 20gljlw VLF ohyho dqg duh edvhg rq bS. gdwd/ zklfk lv
urxjko| wkh plggoh ri wkh vdpsoh1 Wkh gdwd/ wdnhq iurp Urwhpehuj dqg Zrrgirug
+4<<4,/ duh uhsruwhg lq Dsshqgl{ 1
66Lv h ww k hq x p e h uw r3iru doo qrqgxudeoh lqgxvwulhv +dqg dovr xvh d 3 iru wkh phdvxuh ri
gxudelolw|,1
67Wkhvh lqgxvwulhv lqfoxgh doo vxelqgxvwulhv ri VLF frghv 53 dqg 54/ zklfk duh qrqgxudeoh
lqgxvwulhv/ dqg wkrvh vhw ri lqgxvwulhv hpsor|hg e| Elov dqg Nohqrz +4<<8,1
49Ilqdoo|/ lq rughu wr fdswxuh wkh ghpdqg0gulyhq  xfwxdwlrqv lq vdohv/ L xvh wkh
qrz vwdqgdug Kdoo0Udph| lqvwuxphqwv= d gxpp| iru wkh srolwlfdo sduw| ri wkh X1V1
Suhvlghqw/ uhdo Ihghudo jryhuqphqw ghihqvh vshqglqj/ dqg wkh sulfh ri rlo gh dwhg
e| wkh JGS gh dwru1 Dv glvfxvvhg vxevhtxhqwo|/ L xvh wkhvh lqvwuxphqwv lqwhudfwhg
zlwk wkh furvv0lqgxvwu| phdvxuh ri gxudelolw|1
9151 Whvwlqj Sulfh Vprrwkqhvv dqg G|qdplfv
Lq rughu wr eh deoh whvw zkhwkhu sulfhv duh orzhu zkhq ghpdqg lv kljk/ doo uh0
juhvvlrqv duh shuiruphg lq ohyhov diwhu orj0ghwuhqglqj hdfk wlph0ydu|lqj vhulhv vhs0
dudwho| iru hdfk lqgxvwu|168 Wklv surfhgxuh dovr kdv wkh dgydqwdjh ri uhprylqj
{hg lqgxvwu| hhfwv zklfk pljkw eh fruuhodwhg zlwk wkh ghshqghqw yduldeohv1
Vlqfh wkhuh lv vxevwdqwldo lqgxvwu|0ohyho vhuldo fruuhodwlrq/ doo vwdqgdug huuruv duh
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iru ruglqdu| ohdvw vtxduhv dqg wzr0vwdjh ohdvw vtxduhv uhvshfwlyho|169 Wkh ohwwhu 
lqgh{hv lqgxvwulhv dqg e￿  t￿  f￿	 q/dA' e|  yhfwru1
Wkh uvw urz ri Wdeoh 914 vkrzv wkh uhvxowv ri wkh uhjuhvvlqj wkh uhdo sulfh ri qdo
vdohv6: rq uhdo qdo vdohv/ wkh shufhqw ri krxvhkrogv zkr sxufkdvh wkh jrrg/ wkhvh
wzr yduldeohv lqwhudfwhg/ d frqvwdqw/ dqg d wlph wuhqg16; D rqh shufhqw lqfuhdvh
lq vdohv iru d w|slfdo qrqgxudeoh ru iuhtxhqwo| sxufkdvhg jrrg lv dvvrfldwhg zlwk
d f shufhqw ghfuhdvh lq wkh uhdo sulfh ri wkdw jrrg1 D jrrg sxufkdvhg e| rqo|
kdoi ri krxvhkrogv lq d |hdu vhhv d w|slfdo ghfolqh lq sulfh ri ffH shufhqw1 Wkh
qhjdwlyh uhodwlrqvkls ehwzhhq vdohv dqg sulfh uhsuhvhqwv wkh idfw wkdw vrph rxwsxw
lqfuhdvhv duh gulyhq e| vxsso|0vlgh idfwruv vxfk dv lqfuhdvhv lq surgxfwlylw| dqg
ghfuhdvhv lq wkh frvw ri idfwru lqsxwv1 Qrwh dovr wkdw vlqfh L dp xvlqj d vxevhw ri
68Wkdw lv/ L uhjuhvv wkh orjdulwkp ri wkh yduldeoh lq txhvwlrq rq d frqvwdqw dqg d wlph wuhqg dqg
wkhq wuhdw wkh uhvlgxdo dv wkh gdwxp1 Wklv surfhgxuh lv grqh wr pdnh wkh uhjuhvvlrqv frpsdwleoh
zlwk wkh pdunxs uhjuhvvlrqv1 Rqh ri wkh vwdqgdug phwkrgv xvhg wr frqvwuxfw pdunxsv lqyroyhv
fuhdwlqj d orj0ghwuhqghg vhulhv1 Wkdw lqgxvwulhv pd| kdyh d vwrfkdvwlf wuhqg grhv qrw suhvhqw d
sureohp iru wkh fxuuhqw hvwlpdwlrq vlqfh dv|pswrwlf surshuwlhv duh ghulyhg iurp wkh qxpehu ri
lqgxvwulhv jrlqj wr lqqlw| udwkhu wkdq wkh wlph glphqvlrq1
69Frqvlvwhqf| iroorzv dv M $4 =Lq sudfwlfh/ fruuhfwlqj iru vhuldo fruuhodwlrq kdv d odujh lpsdfw/
ghfuhdvlqj hvwlpdwhg vwdqgdug huuruv rq dyhudjh e| d idfwru ri 6 wr 71
6:Wkh sulfh gh dwru iru qdo vklsphqwv glylghg e| wkh frqvxphu sulfh lqgh{ +wkhq orj0
ghwuhqghg,1
6;Wkh wlph wuhqg dqg frqvwdqw duh lqfoxghg ehfdxvh wkh uvw revhuydwlrq kdv ehhq gursshg1 Qr
vxevwdqwlyh uhvxowv fkdqjh zkhq wkhvh wzr yduldeohv duh rplwwhg1 Li wlph gxpplhv duh lqfoxghg
lqvwhdg ri d wlph wuhqg vlplodu frqfoxvlrqv frqfhuqlqj vwdwlvwlfdo vljqlfdqfh ri wkh lqwhudfwlrq
whupv duh uhdfkhg/ dowkrxjk pdjqlwxghv ydu| vrphzkdw1
4:Wdeoh 914= Uhdo Sulfh Uhjuhvvlrqv
Vdohv- Vdohv- {Vdohv- {Vdohv-
Vdohv (QrwEx| fu7 {Vdohv (QrwEx| fu7 Q-W
ROV 03146 3143 68<:
+3136, +3136,
LY 5196 0614< 68<:
+4159, +4188,
5186 06157 3165 6798
+4166, +41:5, +3174,
517: 051<< 0513: 5179 68<:
+31:6, +31<3, +41::, +5149,
519< 06196 3177 07167 4156 ;17: 6798
+31<<, +4173, +3188, +619;, +517<, +<198,
Doo uhjuhvvlrqv dovr lqfoxgh d frqvwdqw/ d wlph wuhqg/ dqg wkh shufhqw ri krxvhkrogv zkr gr
qrw sxufkdvh wkh jrrg1
Wkh lqvwuxphqw vhw iru doo uhjuhvvlrqv lqfoxghv d wlph wuhqg/ wkh Kdoo0Udph| lqvwuxphqwv/
wkh gxudelolw| ri wkh lqgxvwu|*v jrrg/ dqg wkh vdph lqwhudfwhg zlwk wkh Kdoo0Udph| lqvwuxphqwv1
Wkh lqvwuxphqw vhw iru uhjuhvvlrqv zlwk glhuhqfhg uljkw0kdqg0vlgh yduldeohv dovr lqfoxghv wkh
Kdoo0Udph| lqvwuxphqwv dqg lqwhudfwlrqv rqfh odjjhg1
pdqxidfwxulqj lqgxvwulhv dqg vlqfh lqgxvwu| rxwsxw lqfoxghv lqwhuphgldwh jrrgv
wkhuh lv qr uhdvrq iru wkh dyhudjh uhdo sulfh uhvsrqvh wr eh }hur1
Wr lvrodwh wkh uhvsrqvh ri sulfh wr ghpdqg  xfwxdwlrqv/ L lqvwuxphqw wkh phd0
vxuhv ri vdohv zlwk wkh Kdoo0Udph| lqvwuxphqwv16< Iru wzr glvwlqfw uhdvrqv/ wkh
lqvwuxphqwv dovr lqfoxgh wkh lqwhudfwlrq ri gxudelolw| dqg wkh Kdoo0Udph| vhulhv1
Iluvw/ dq djjuhjdwh ghpdqg vkrfn grhv qrw lqfuhdvh ghpdqg htxdoo| dfurvv doo lq0
gxvwulhv1 Hfrqrplf wkhru| vxjjhvwv wkdw ghpdqg lqfuhdvhv pxfk pruh iru pruh
gxudeoh jrrgv/ dv h{shqglwxuhv pxvw pryh odujh dprxqwv wr dgmxvw vwrfnv1 Wkh
lqwhudfwlrq whup lqfuhdvhv wkh h{sodqdwru| srzhu ri wkh lqvwuxphqwv vljqlfdqwo|1
Vhfrqg/ wkh iuhtxhqf| ri sxufkdvh lv rqo| dq lpshuihfw phdvxuh ri wkh frqfhsw ri
lqwhuhvw1 Xvlqj gxudelolw| lqvwhdg ri wkh iuhtxhqf| ri sxufkdvh lq wkh lqvwuxphqw
vhw holplqdwhv wkh dwwhqxdwlrq eldv uhvxowlqj iurp wklv plvphdvxuhphqw ri wkh wuxh
frqfhsw ri lqwhuhvw1
Wkh vhfrqg urz ri Wdeoh 914 vkrzv wkh uhvxowv ri wzr0vwdjh ohdvw vtxduhv hvwlpd0
6<Wkh uhjuhvvlrqv zhuh dovr frqgxfwhg xvlqj wkh uhdo djjuhjdwh shuvrqdo frqvxpswlrq h{shqgl0
wxuhv vhulhv iurp wkh QLSD1 Doo frqfoxvlrqv duh urexvw wr xvlqj wklv dowhuqdwlyh lqvwuxphqw1
4;wlrq1 Wkh w|slfdo iuhtxhqwo| sxufkdvhg jrrg qrz vhhv d sulfh ulvh ri wzr dqg d kdoi
shufhqw iru hdfk shufhqwdjh lqfuhdvh lq vdohv gxh wr ghpdqg1 Iru d jrrg sxufkdvhg
e| rqo| kdoi ri krxvhkrogv/ wklv qxpehu idoov wr rqh shufhqw/ dqg wkh glhuhqfh lv
vwdwlvwlfdoo| vljqlfdqw173 Lqfoxglqj wkh phdvxuh ri lqgxvwu| frqfhqwudwlrq +-e,
grhv qrw dowhu wklv frqfoxvlrq/ qru grhv lqfoxglqj wkh uvw glhuhqfh ri vdohv dqg
lwv lqwhudfwlrq zlwk wkh iuhtxhqf| ri sxufkdvh phdvxuh1 Wkxv wkh uvw lpsolfdwlrq
ri wkh wkhru| lv frquphg lq wkh gdwd= sulfhv ulvh ohvv lq uhvsrqvh wr lqfuhdvhv lq
ghpdqg iru jrrgv zklfk duh sxufkdvhg ohvv iuhtxhqwo|174
Urzv e dqg D dgg wkh uvw glhuhqfh ri wkh vdohv yduldeohv wr wkh uhjuhvvlrq
lq rughu wr whvw zkhwkhu/ iru lqiuhtxhqwo| sxufkdvhg jrrgv/ sulfhv duh orzhu zkhq
txdqwlwlhv duh lqfuhdvlqj1 Sulfhv duh orzhu zkhq vdohv duh lqfuhdvlqj lq jhqhudo/ dqg
wkhuh lv qr vwdwlvwlfdoo| vljqlfdqw hhfw ri iuhtxhqf| ri sxufkdvh rq wklv uhodwlrq0
vkls175 Wkxv/ wkh uhodwlrqvkls suhglfwhg wr krog iru wkh vxevhw ri jrrgv iru zklfk
wlplqj lv lpsruwdqw krogv iru doo jrrgv1 Lw pd| zhoo eh wkdw wklv dgglwlrqdo jhq0
hudo irufh zklfk orzhuv sulfhv zkhq vdohv duh lqfuhdvlqj fdxvhv wkh sulfh0vprrwklqj
hhfw wr ehfrph wkh grplqdqw glhuhqfh ehwzhhq jrrgv iru zklfk wlplqj lv lp0
sruwdqw dqg wkrvh iru zklfk lw lv qrw1 Wkxv/ sulfhv duh vprrwkhu iru wklv vxevhw ri
jrrgv udwkhu wkdq orzhu zkhq vdohv duh lqfuhdvlqj1
Zkloh sulfhv duh vprrwkhu iru jrrgv iru zklfk wlplqj lv lpsruwdqw/ wkhuh uh0
pdlqv wkh srvvlelolw| wkdw pdujlqdo frvwv duh khwhurjhqhrxv dfurvv lqgxvwulhv lq
mxvw vxfk d zd| dv wr jhqhudwh vprrwkhu sulfhv iru ohvv iuhtxhqwo| sxufkdvhg jrrgv1
Wkdw lv/ vrph frpelqdwlrq ri kljkhu uhwxuqv wr vfdoh dqg pruh hodvwlf idfwru vxs0
solhv lpsolhv wkdw pdujlqdo frvwv duh  dwwhu ru hyhq ghfuhdvlqj iru wkrvh jrrgv
zklfk L qg kdyh vprrwkhu sulfhv1 Wr uxoh rxw wklv srvvlelolw|/ L shuirup d vlplodu
vhw ri uhjuhvvlrqv xvlqj pdunxsv dv wkh ghshqghqw yduldeoh1 Lq grlqj vr/ L dovr vhhn
wr txdqwli| wkh frqwulexwlrq ri frqvxphu lqwhuwhpsrudo vxevwlwxwlrq ri sxufkdvhv
wr wkh f|folfdolw| ri wkh pdunxs dqg wkxv wkh f|folfdo yduldelolw| ri surgxfwlrq dqg
vdohv1
9161 Frqvwuxfwlqj Pdunxsv
Phdvxulqj pdunxsv lv d gl!fxow dqg frqwuryhuvldo xqghuwdnlqj1 Wkuhh glhuhqw
frqvwuxfwhg phdvxuhv ri pdunxsv duh dqdo|}hg/ hdfk edvhg rq d voljkwo| glhuhqw vhw
73Wkh odujh fkdqjh lq wkh frh!flhqw rq vdohv lq wkh wkhruhwlfdoo| suhglfwhg gluhfwlrq lv hylghqfh
ri jrrg lqvwuxphqwv1 Ixuwkhu/ wkh wv ri wkh uvw vwdjhv duh jrrg1 Lq urzv 5 dqg 6/( Q r w E x |l v
suhglfwhg zlwk dq U5 ri 3=:7>v d o h vz l w kd qU 5ri 3=3<> vdohv lqwhudfwhg zlwk (QrwEx| zlwk dq
U5 ri 3=451 Iluvw glhuhqfhg vdohv duh suhglfwhg zlwk dq U5 ri 3=37/ dqg/ zkhq lqwhudfwhg zlwk
(QrwEx|/ zlwk dq U5 ri 3=381
74Elov dqg Nohqrz +4<<8, gr qrw lqfoxgh wkh lqwhudfwlrq whup dqg uhjuhvv uhodwlyh sulfhv rq
uhodwlyh oderu0fdslwdo udwlrv lq uvw glhuhqfhv dqg qg lqvljqlfdqw dqg vpdoo uhodwlrqvklsv/ hyhq
zkhq wkh| lqvwuxphqw1 Wkh pdlq glhuhqfhv duh wkdw L dp zrunlqj lq orj0ghyldwlrqv iurp wuhqg
dqg pruh lpsruwdqwo| wkdw L xvh vdohv dqg dq lqwhudfwlrq whup dv wkh h{sodqdwru| yduldeohv1 D
uhjuhvvlrq zlwkrxw wkh lqwhudfwlrq whup |lhogv dq lqvljqlfdqw frhflhqw rq wrwdo vdohv1
75Vlplodu uhvxowv duh rewdlqhg li wkh fkdqjh lq vdohv dw w .4lv xvhg lqvwhdg ri w +zlwkrxw d
fkdqjh lq wkh wlplqj ri wkh lqvwuxphqw vhw,1
4<ri dvvxpswlrqv1 Wkh vwduwlqj srlqw iru doo ri wkh phdvxuhv lv d vwdqgdug surgxfwlrq
ixqfwlrq lq zklfk uhdo jurvv rxwsxw lv surgxfhg iurp oderu lqsxw/ fdslwdo/ dqg
lqwhuphgldwh jrrgv=76
t ' 8Eucgc +914,
Wlph dqg lqgxvwu| vxevfulswv duh rplwwhg iru qrwdwlrqdo vlpsolflw|1 Dvvxplqj wkdw








zkhuh a lv wkh sulfh ri lqsxw a/ b lv wkh Odjudqjh pxowlsolhu rq wkh rxwsxw
frqvwudlqw/ dqg a lv dq| idfwru iru zklfk wkh pdujlqdo surgxfw/ 8a/ lv vwulfwo|
srvlwlyh dqg erxqghg iru vwulfwo| srvlwlyh dqg erxqghg ohyhov ri a1L iw k l vl vw u x h
iru doo lqsxwv/ b ' >/ wkh pdunxs/ ghqhg dv sulfh glylghg e| pdujlqdo frvw1 Wkhq/
wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr hdfk idfwru lqsxw htxdov wkh pdunxs wlphv
wkh udwlr ri wkh lqsxw*v frvw wr wrwdo uhyhqxh177 Ilqdoo|/ ghqh  dv wkh ghjuhh ri







Wkh uvw phdvxuh ri pdunxsv frqvlghuhg lv ghulyhg iurp wkuhh dvvxpswlrqv1
Iluvw/  lv dvvxphg frqvwdqw dfurvv wlph iru hdfk lqgxvwu|1 Vhfrqg/ rq dyhudjh
wkhuh duh qr sxuh surwv lq hdfk lqgxvwu|/ vr wkdw uhyhqxhv htxdo frvwv iru hdfk
lqgxvwu| ryhu wkh vdpsoh= ￿
A
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aaa Ilqdoo|/ fdslwdo lv dvvxphg
txdvl0{hg1 Uhduudqjlqj htxdwlrq +916, dqg wdnlqj orj0ghyldwlrqv iurp wuhqg/ wkh












zkhuh e %  %37 %
% dqg 7 % lv wkh orj0wuhqg lq %1 Zkloh wkh dvvxpswlrq ri fdslwdo {lw|
lv udwkhu fuxgh/ ehfdxvh wkh uhdo fdslwdo vwrfn grhv qrw pryh pxfk ryhu wkh f|foh/
wkh hpslulfdo hhfwv ri dvvxplqj {lw| duh vpdoo178
76L h{shulphqwhg zlwk lqfoxglqj surgxfwlrq dqg qrqsurgxfwlrq zrunhuv dv vhsdudwh lqsxwv1
Frqfoxvlrqv uhdfkhg wkurxjkrxw wklv dowhuqdwlyh dqdo|vlv zhuh vlplodu li qrw voljkwo| pruh idyrudeoh
wr wkh wkhru| ehlqj whvwhg1 L fkrvh wr uhsruw wklv phwkrg vlqfh wkh rqo| phdvxuh ri frpshqvdwlrq
ri surgxfwlrq zrunhuv lv zdjhv/ zklfk lv olnho| vljqlfdqwo| pruh f|folfdo wkdq wrwdo frpshqvdwlrq
ri surgxfwlrq zrunhuv1 Wkxv/ L xvh wrwdo sd|uroo iru doo zrunhuv wr phdvxuh wkh frvw ri oderu lqsxw1
77Kdoo +4<;;, ruljlqdwhv wkh xvh ri wklv phwkrgrorj| wr hvwlpdwh pdujlqdo frvwv +dqg wkxv
pdunxsv,1 Vhh Edvx dqg Ihuqdog +4<<8e, iru d glvfxvvlrq ri wklv jhqhudo phwkrgrorj| dqg wkh
lpsruwdqfh ri xvlqj jurvv rxwsxw gdwd1
78Edvx dqg Ihuqdog +4<<7, dvvxphv iuhho| yduldeoh fdslwdo dqg dujxh wkdw wkh hhfwv ri {lw|
duh olnho| vpdoo1 Wkh dujxphqwv dsso| khuh lq uhyhuvh1 Ixuwkhu/ dq dowhuqdwlyh dssurdfk lv wr
dvvxph wkdw fdslwdo lv iuhho| yduldeoh dqg frqvwuxfw wkh qrplqdo frvw ri fdslwdo1 Wklv fdq eh grqh
udwkhu fuxgho| xqghu wkh dvvxpswlrq wkdw fdslwdo lv iuhho| yduldeoh/ vr wkdw +SNN,w @ S L
w￿4Nw￿4.
53Wkh vhfrqg phdvxuh ri pdunxsv lv frqvwuxfwhg e| dgglqj wkh dgglwlrqdo dv0
vxpswlrq wkdw wkh pdujlqdo surgxfw ri oderu lv sursruwlrqdo wr wkh udwlr ri oderu
lqsxw wr uhdo rxwsxw1 Wklv lv wuxh/ iru h{dpsoh/ ri d Free0Grxjodv surgxfwlrq







Ilqdoo|/ L iroorz wkh phwkrg ri Ehqderx +4<<5, wkdw h{whqgv wkh surfhgxuh
ri Urwhpehuj dqg Zrrgirug +4<<4, wr lqfoxgh lqwhuphgldwh jrrgv1 Iluvw/ rqh
dvvxphv wkdw lqwhuphgldwh jrrgv duh xvhg lq vwulfw sursruwlrq wr rxwsxw dqg wkdw
wkh surgxfwlrq ixqfwlrq h{klelwv frqvwdqw uhwxuqv wr vfdoh exw wkhuh pd| eh {hg
frvwv1 Wkhuhiruh htxdwlrq +915, dssolhv rqo| wr fdslwdo dqg oderu/ b '
>
￿3>7￿ zkhuh
7￿ lv wkh vkduh ri lqwhuphgldwh jrrgv frvwv lq wrwdo uhyhqxh/ dqg htxdwlrq +916, kdv
 ' 1 Qh{w/ rqh dvvxphv wkdw iuhh hqwu| ohdgv wr wkh holplqdwlrq ri sxuh surwv/
vr wkdw wkh dyhudjh frvw vkduhv ri hdfk lqsxw iru hdfk lqgxvwu| vxp wr rqh1 Ilqdoo|/
rqh dvvxphv wkdw wkh frvw vkduh ri oderu lq ydoxh dgghg lv htxdo wr rqh plqxv wkh
frvw vkduh ri fdslwdo lq ydoxh dgghg1 Wklv doorzv rqh wr dyrlg kdylqj wr fdofxodwh d
frvw ri fdslwdo vhulhv/ dqg wklv dvvxpswlrq fdq eh mxvwlhg e| dvvxplqj wkdw fdslwdo
dqg oderu duh frpelqhg xvlqj d Free0Grxjodv whfkqrorj|1 Wdnlqj orj0ghyldwlrqv
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Dv ehiruh/ doo kdwwhg yduldeohv duh orj ghyldwlrq iurp wuhqg +iru hdfk lqgxvwu|,/
zkloh yduldeohv zlwkrxw kdwv uhsuhvhqw vdpsoh dyhudjhv +djdlq e| lqgxvwu|,1 7￿c
7Mc7 guhsuhvhqw wkh vkduh ri lqwhuphgldwh jrrgv/ oderu/ dqg fdslwdo lq wrwdo uhy0
hqxh> dqg > lv wkh dyhudjh pdunxs1 Wkh rqo| glhuhqfh ehwzhhq wklv htxdwlrq dqg




￿37￿ lqvwhdg ri wkh
sulfh vhulhv hpsor|hg lq Ehqderx +4<<5,1 Wkh uvw lv fruuhfwlqj d w|sr> wkh vhf0
rqg vxevwlwxwlrq lv wdnhq ehfdxvh qrplqdo vkduhv duh olnho| wr eh ehwwhu phdvxuhg
wkdq sulfh gh dwruv1 Vwhdg| vwdwh dqg orj0ghyldwlrqv fdq doo eh fdofxodwhg iurp wkh
QEHU surgxfwlylw| gdwdedvh/ h{fhsw iru wkh dyhudjh pdunxs zklfk lv vhw wr 2f
edvhg rq uhfhqw frqvhqvxv179
9171 Whvwlqj Pdunxs G|qdplfv
Wdeoh 915 suhvhqwv wkh uhvxowv ri uhjuhvvlrqv lq zklfk wkh ghshqghqw yduldeoh lv
wkh pdunxs ri sulfh ryhu pdujlqdo frvwv1 Wkh wkuhh sdluv ri urzv hdfk frqwdlq
S L
w Lw  SL
w Nw zkhuh SL lv wkh sulfh gh dwru iru qhz lqyhvwphqw/ dqg L lv qhz lqyhvwphqw1 Zkhq
wulhg/ wkh uhvxowv duh vlplodu wr wkrvh uhsruwhg iru 4/ exw zlwk voljkwo| odujhu vwdqgdug huuruv/
gxh prvw olnho| wr wkh dgglwlrqdo huuru wkdw wkh qrlv| phdvxuh ri wkh uhwxuq wr fdslwdo lqwurgxfhv1
79Vhh iru h{dpsoh Edvx dqg Ihuqdog +4<<7,1
54Wdeoh 915= Pdunxs Uhjuhvvlrqv
Pdunxs Vdohv- {Vdohv-
Vhulhv Vdohv (QrwEx| {Vdohv (QrwEx|




LY 03156 3156 41:; 0517;
+31:6, +4133, +5165, +6159,




LY 31:7 04133 04196 5136
+3175, +3186, +4138, +415:,




LY 031<9 4144 3135 313;
+3158, +3164, +317:, +3189,
Doo uhjuhvvlrqv dovr lqfoxgh d frqvwdqw/ d wlph wuhqg/ dqg wkh shufhqw ri krxvhkrogv zkr gr
qrw sxufkdvh wkh jrrg1
Wkh lqvwuxphqw vhw iru doo uhjuhvvlrqv lqfoxghv d wlph wuhqg/ wkh Kdoo0Udph| lqvwuxphqwv/
wkh gxudelolw| ri wkh lqgxvwu|*v jrrg/ dqg wkh vdph lqwhudfwhg zlwk wkh Kdoo0Udph| lqvwuxphqwv1
Wkh lqvwuxphqw vhw iru uhjuhvvlrqv zlwk glhuhqfhg uljkw0kdqg0vlgh yduldeohv dovr lqfoxghv wkh
Kdoo0Udph| lqvwuxphqwv dqg lqwhudfwlrqv rqfh odjjhg1
55Wdeoh 916= Pdunxs Uhjuhvvlrqv rq Vxevdpsoh
Pdunxs Vdohv- {Vdohv-
Vhulhv Vdohv (QrwEx| {Vdohv (QrwEx|
> LY 4158 04174
+31:6, +31<4,
LY 415: 04175 313< 03147
+3193, +31::, +3186, +31;8,
>2 LY 418; 0417<
+31;<, +31::,
LY 04185 4194 03158 3173
+31:6, +31;8, +31;5, +31<9,
> LY 31<7 04139
+3187, +3196,
LY 31<: 04143 3156 03153
+3174, +317;, +3173, +317:,
Doo uhjuhvvlrqv dovr lqfoxgh d frqvwdqw/ d wlph wuhqg/ dqg wkh shufhqw ri krxvhkrogv zkr gr
qrw sxufkdvh wkh jrrg1
Wkh lqvwuxphqw vhw iru doo uhjuhvvlrqv lqfoxghv d wlph wuhqg/ wkh Kdoo0Udph| lqvwuxphqwv/
wkh gxudelolw| ri wkh lqgxvwu|*v jrrg/ dqg wkh vdph lqwhudfwhg zlwk wkh Kdoo0Udph| lqvwuxphqwv1
Wkh lqvwuxphqw vhw iru uhjuhvvlrqv zlwk glhuhqfhg uljkw0kdqg0vlgh yduldeohv dovr lqfoxghv wkh
Kdoo0Udph| lqvwuxphqwv dqg lqwhudfwlrqv rqfh odjjhg1
wkh uhvxowv iru rqh pdunxs vhulhv1 ROV uhjuhvvlrqv vkrz pdunxsv wr eh urxjko|
df|folfdo/ idoolqj ehwzhhq wkh qglqjv ri Grprzlw}/ Kxeedug dqg Shwhuvhq +4<;;,
dqg Urwhpehuj dqg Zrrgirug +4<<4,1
Lqvwuxphqwdo yduldeohv uhjuhvvlrqv fdswxuh wkh fkdqjh lq pdunxsv dvvrfldwhg
zlwk ghpdqg0gulyhq  xfwxdwlrqv1 Wkhvh uhjuhvvlrqv gr qrw jlyh fohdq dqvzhuv
derxw hlwkhu pdunxs k|srwkhvlv1 Iluvw/ pdunxsv vhhp voljkwo| pruh frxqwhuf|folfdo
lq uhvsrqvh wr ghpdqg  xfwxdwlrqv1 Vhfrqg/ pdunxsv duh pruh frxqwhuf|folfdo iru
jrrgv iru zklfk wlplqj lv pruh lpsruwdqw rqo| iru wkh vhfrqg pdunxs phdvxuh1
Hylghqfh iurp wkh uvw pdunxs vhulhv lv lqfrqfoxvlyh dqg hylghqfh iurp wkh wklug
vkrzv ohvv iuhtxhqwo| sxufkdvhg jrrgv wr kdyh pruh surf|folfdo pdunxsv1 Wklug/
wkh wkuhh vhulhv dovr jlyh frqwudglfwru| dqg zhdn hylghqfh dv wr zkhwkhu pdunxsv
duh orzhu zkhq vdohv ri lqiuhtxhqwo| sxufkdvhg jrrgv duh lqfuhdvlqj17:
7:Zkhq wkh uhjuhvvlrqv lqfoxgh lqgxvwu| frqfhqwudwlrq lqwhudfwhg zlwk wkh txdqwlw| ghshqghqw
yduldeoh/ dqg2ru lwv uvw glhuhqfh/ wkhvh yduldeohv duh qhyhu vljqlfdqw1 Dv lq wkh sulfh uhjuhv0
56Zk| duh wkh uhvxowv vr xqvwdeoh dqg lqfrqfoxvlyhB Rqh srvvlelolw| lv wkdw gli0
ihuhqfhv lq wkh frqvwuxfwlrq ri wkh wkuhh pdunxs vhulhv jhqhudwh glhuhqw dqvzhuv1
Krzhyhu/ lw lv dovr srvvleoh wkdw wkh sdwwhuq ri lqgxvwu|0vshflf uhwxuqv wr vfdoh lv
frqirxqglqj lqihuhqfh1 Lq lqgxvwulhv zlwk vkruw0uxq lqfuhdvlqj uhwxuqv wr vfdoh/ uhdo
sulfh vwlfnlqhvv pd| lqfuhdvh pdunxsv lq errpv1 Wkdw lv/ dv wkh wkhruhwlfdo vhfwlrqv
glvfxvv/ wkh lpsdfw ri iuhtxhqf| ri sxufkdvh ghshqgv rq wkh vorsh ri wkh pdujlqdo
frvw fxuyh1 Wr whvw wklv/ L uhhvwlpdwh wkh pdunxs uhjuhvvlrqv rq wzr vxevdpsohv ri
lqgxvwulhv1
Iluvw/ L xvh rqo| wkrvh lqgxvwulhv wkdw duh lq 20gljlw lqgxvwulhv zklfk Edvx dqg
Ihuqdog +4<<8d, qg kdyh ghfuhdvlqj uhwxuqv wr vfdoh1 Wkh uhvxowv iru wklv vxevdp0
soh ri lqgxvwulhv duh vlplodu wr wkh uhvxowv uhsruwhg lq Wdeoh 9151 Wklv lv qrw zkroo|
vxusulvlqj jlyhq wkdw uhwxuqv wr vfdoh lv rqo| rqh frpsrqhqw ri pdujlqdo frvw/ dqg
glhuhqfhv lq idfwru hodvwlflwlhv pd| zhoo eh pruh lpsruwdqw1 Wkxv/ dv d vhfrqg
fxw/ L h{dplqh rqo| wkh vxevdpsoh ri lqgxvwulhv lq zklfk wkh lqvwuxphqwhg fruuh0
odwlrq ri vdohv dqg sulfh lv srvlwlyh17; Wklv ohdyhv HD revhuydwlrqv1 Dv lv vkrzq
lq Wdeoh 916/ wkhuh lv hylghqfh wkdw pdunxsv duh ohvv surf|folfdo iru lqiuhtxhqwo|
sxufkdvhg jrrgv17< Wkhuh lv olwwoh hylghqfh/ krzhyhu/ ri d frqvlvwhqw uhodwlrqvkls
ehwzhhq pdunxsv dqg zkhwkhu ghpdqg lv lqfuhdvlqj ru ghfuhdvlqj1
Lq vxp wkhq/ furvv lqgxvwu| hylghqfh vxjjhvwv wkdw sulfhv duh vprrwkhu lq lq0
gxvwulhv zkhuh wkh wlplqj ri sxufkdvhv lv lpsruwdqw1 Krzhyhu/ wkh wlplqj yduldeoh
lv srwhqwldoo| fruuhodwhg zlwk wkh lqgxvwu|0vshflf vorsh ri pdujlqdo frvw1 Hyl0
ghqfh rq pdunxsv/ zklfk dwwhpsw wr phdvxuh erwk pdujlqdo frvw dqg sulfh/ lv qrw
frqfoxvlyh1
:1 Frqfoxvlrq
Wklv sdshu suhvhqwv d prgho lq zklfk frqvxphuv* delolw| wr wlph wkhlu sxufkdvhv ri
jrrgv dpsolhv wkhlu hhfwlyh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Zkhq upv
kdyh vrph pdunhw srzhu/  xfwxdwlrqv lq frqvxphu ghpdqg duh  xfwxdwlrqv lq wkh
hodvwlflw| ri ghpdqg dqg ohdg wr srwhqwldoo| lpsruwdqw sulfh g|qdplfv1 Zkhq pdu0
jlqdo frvwv duh lqfuhdvlqj/ wkh pdunxs ri sulfh ryhu pdujlqdo frvw lv frxqwhuf|folfdo/
dqg ghpdqg  xfwxdwlrqv duh vprrwkhg ryhu wlph/ ru sursdjdwhg1
Xvlqj lqgxvwu| gdwd/ L ghprqvwudwh wkdw/ dv suhglfwhg e| wkh prgho/ wkh sulfh
uhvsrqvhv wr  xfwxdwlrqv lq ghpdqg duh vpdoohu iru wkrvh jrrgv iru zklfk wkh wlplqj
ri sxufkdvhv lv pruh lpsruwdqw1 Exw wkh hylghqfh rq wkh ehkdylru ri pdunxsv lv ohvv
fohdu1 Rqo| d vkuhg ri hylghqfh lv irxqg wkdw pdunxsv duh pruh frxqwhuf|folfdo +ru
vlrqv/ wkh dgglwlrq ri lqgxvwu| frqfhqwudwlrq yduldeohv grhv qrw dowhu wkh vljqlfdqfh ru pdjqlwxgh
ri rwkhu frh!flhqwv1
7;Wkdw lv/ iru hdfk lqgxvwu| vhsdudwho| dqg xvlqj wkh xvxdo lqvwuxphqwv/ L uxq sulfh rq vdohv/ d
wlph wuhqg/ dqg wkh shufhqw ri krxvhkrogv qrw ex|lqj wkh jrrg1 Wkhq L xvh rqo| wkrvh lqgxvwulhv
iru zklfk wkh frh!flhqw rq vdohv lv srvlwlyh1
7<Wkhuh uhpdlqv rqh sx}}oh krzhyhu/ zklfk lv wkdw wkh uhodwlrqvkls ehwzhhq sulfh vprrwkqhvv
dqg wkh wlplqj yduldeoh lv uhyhuvhg lq wklv vxevdpsoh1
57ohvv surf|folfdo, iru wkrvh jrrgv sxufkdvhg prvw lqiuhtxhqwo|1 Lq ixwxuh hpslulfdo
zrun/ L sodq wr h{dplqh vshflf lqgxvwulhv lq zklfk wkh wlplqj ri sxufkdvhv lv
wkrxjkw wr eh lpsruwdqw dqg iru zklfk phdvxuhv ri pdujlqdo frvw duh vlpsohu wr
frph e|1
Wkurxjkrxw wkh sdshu/ L dvvxph wkdw wkh glvwulexwlrq ri frqvxphuv ryhu wkh
rog vwrfnv lv h{rjhqrxv1 Krzhyhu/ uhod{lqj wklv dvvxpswlrq/ frqvlghu d pdunhw
lq zklfk frqvxphuv iroorz +v/V, uxohv iru glvfduglqj wkhlu rog jrrg dqg ex|lqj
d qhz rqh1 Ohw wkhvh frqvxphuv lqlwldoo| eh glvwulexwhg xqlirupo| ehwzhhq wkhlu
wzr edqgv ri dgmxvwphqw1 Qrz/ zkhq wkh glvwulexwlrq ri frqvxphuv lv shuwxuehg/
wkh hqgrjhqrxv uhvsrqvh ri vhoohuv zlwk d frqvwdqw ru ghfuhdvlqj pdujlqdo frvw
whfkqrorj| dpsolhv wkh vkrfn1 Wkh glvwulexwlrq ri frqvxphuv lv pryhg ixuwkhu
iurp d xqlirup glvwulexwlrq1 Wkh qh{w wlph wklv odujhu jurxs suhsduhv wr sxufkdvh
qhz jrrgv/ wkh surgxfhuv* sulflqj vwudwhjlhv pd| dgg vwloo pruh frqvxphuv wr wklv
jurxs/ vr wkdw wkh ghpdqg  xfwxdwlrq jurzv1 Lw lv srvvleoh wkdw li wkh dprxqw ri
lqglylgxdo xqfhuwdlqw| lv qrw wrr juhdw/ wkh pdunhw pd| h{klelw vwdeoh uhshdwlqj
 xfwxdwlrqv1 Xqghu wkhvh flufxpvwdqfhv/ lw zrxog eh vxusulvlqj li zh glg qrw vhh
ghpdqg0gulyhq exvlqhvv f|fohv1
Ixwxuh uhvhdufk zloo hpehg wkhvh wlplqj frqvlghudwlrqv lq d jhqhudo htxloleulxp
vwrfkdvwlf jurzwk prgho1 Wkh vwuxfwxuh pd| eh deoh wr dgguhvv wzr vkruwfrplqjv
lq fxuuhqw jhqhudo htxloleulxp exvlqhvv f|foh wkhru|1 Iluvw/ frqvlghudwlrq ri rs0
wlpdo wlplqj ri vdohv surylghv d sursdjdwlrq phfkdqlvp wkdw pd| vljqlfdqwo|
lpsuryh wkh hpslulfdo w ri wkh prgho1 Vhfrqg/ wklv h{whqvlrq pd| surylgh d
wkhruhwlfdo dowhuqdwlyh iru wkh dg krf dvvxpswlrq frpprq lq wkh Uhdo Exvlqhvv
F|foh olwhudwxuh wkdw whfkqrorj| vkrfnv duh kljko| vhuldoo| fruuhodwhg1 Lqvwhdg ri
vhuldoo| fruuhodwhg whfkqrorj|/ wlplqj frqvlghudwlrqv frxog fdxvh d vlqjoh/ xqfruuh0
odwhg ghpdqg vkrfn wr jhqhudwh fkdqjhv lq wkh pdunxs odvwlqj vhyhudo shulrgv1 Lq
wkh sduwldo htxloleulxp prgho h{dplqhg/ d srvlwlyh vkrfn wr ghpdqg lv vprrwkhg
dqg d frxqwhuf|folfdo pdunxs dulvhv1 Wkxv/ dv wkh pdunxs uhwxuqv wr qrupdo dqg
vdohv lqfuhdvh lw pljkw dsshdu dv li whfkqrorj| zhuh lpsurylqj lq d kljko| vhuldoo|
fruuhodwhg pdqqhu1
58Uhihuhqfhv
Edoo/ Odzuhqfh dqg Gdylg Urphu/ Uhdo dqg Qrplqdo Uljlglwlhv/ Dphulfdq
Hfrqrplf Uhylhz/ 4<<3/ 781
Eduwhovpdq/ Hulf dqg Zd|qh Jud|/ QEHU Pdqxidfwxulqj Gdwdedvh/ Ghfhpehu
4<<71 QEHU Pdqxvfulsw1
Edvx/ Vxvdqwr dqg Mrkq J1 Ihuqdog/ Frqvwdqw Uhwxuqv dqg Vpdoo Pdunxsv lq
X1V1 Pdqxidfwxulqj/ Vhswhpehu 4<<71 Erdug ri Jryhuqruv ri wkh Ihghudo
Uhvhuyh V|vwhp Lqwhuqdwlrqdo Ilqdqfh Glylvlrq Sdshu Qr1 7;61
dqg / Djjuhjdwh Surgxfwlylw| dqg wkh Surgxfwlylw| ri Djjuhjdwhv/
Ghfhpehu 4<<81 QEHU Zrunlqj Sdshu 86;51
dqg / Duh Dssduhqw Surgxfwlylw| Vslooryhuv d Iljphqw ri Phdvxuphqw
HuuruB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Ghfhpehu 4<<8/ 69 +4,/ 498;;1
Ehqderx/ Urodqg/ Lq dwlrq dqg Pdunxsv/ Hxurshdq Hfrqrplf Uhylhz/ 4<<5/
69/ 899:71
Elov/ Pdun/ Sulflqj lq d Fxvwrphu Pdunhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/
Qryhpehu 4<;</ 437/ 9<<:4;1
/ F|folfdo Sulflqj ri Gxudeoh Jrrgv/ Vhswhpehu 4<<41 Xqlyhuvlw| ri Fklfdjr
JVE plphr1
dqg Shwhu M1 Nohqrz/ Xqfryhulqj Fxuydwxuh Whvwv ri Frpshwlqj Exvlqhvv
F|foh Prghov/ Pdufk 4<<81
Erqg/ Hulf Z1 dqg Oduu| Vdpxhovrq/ Gxudeoh Jrrg Prqrsrolhv zlwk Udwlrqdo
H{shfwdwlrqv dqg Uhsodfhphqw Vdohv/ Udqg Mrxuqdo ri Hfrqrplfv/ 4<;7/ 48/
6696781
dqg / Wkh Frdvh Frqmhfwxuh Qhhg qrw Krog iru Gxudeoh Jrrg Prqrsrolhv
zlwk Ghsuhfldwlrq/ Hfrqrplf Ohwwhuv/ 4<;:/ 57/ <6<:1
Exorz/ Mhuhp|/ Gxudeoh Jrrgv Prqrsrolvwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
4<;5/ <3/ 647651
Fdedoohur/ Ulfdugr M1/ Gxudeoh Jrrgv= Dq h{sodqdwlrq iru Vorz Dgmxvwphqw/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 4<<61
dqg Prkdpdg O1 Kdpprxu/ Wkh Fohdqvlqj Hhfw ri Uhfhvvlrqv/ Dphulfdq
Hfrqrplf Uhylhz/ Ghfhpehu 4<<7/ ;7/ 46839;1
/ Hgxdugr P1 U1 D1 Hqjho/ dqg Mrkq F1 Kdowlzdqjhu/ Sodqw Ohyho Dgmxvwphqw
dqg Djjuhjdwh Lqyhvwphqw G|qdplfv/ Eurrnlqjv Sdshuv rq Hfrqrplf
Dfwlylw|/ 4<<8/ 4/ 46<1
Fkhydolhu/ Mxglwk dqg Gdylg Vfkduivwhlq/ Fdslwdo Pdunhw Lpshuihfwlrqv dqg
Frxqwhuf|folfdo Pdunxsv= Wkhru| dqg Hylghqfh/ Mdq 4<<71 QEHU Zrunlqj
Sdshu Qr1 79471
Frdvh/ Urqdog/ Gxudelolw| dqg Prqrsro|/ Mrxuqdo ri Odz dqg Hfrqrplfv/
4<:5/ 48/ 4767<1
Frqolvn/ Mrkq/ Hlwdq Jhuvwqhu/ dqg Mrho Vreho/ F|folf Sulflqj e| d Gxudeoh
Jrrgv Prqrsrolvw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw 4<;7/ <</
7;<8381
59Gldprqg/ Shwhu D1/ D Prgho ri Sulfh Dgmxvwphqw/ Mrxuqdo ri Hfrqrplf
Wkhru|/ 4<:4/ 6/ 4899;1
/ Rq Wlph/ Fdpeulgjh/ XN= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<71
Grprzlw}/ Ldq/ U1 Johqq Kxeedug/ dqg Euxfh Shwhuvhq/ Pdunhw Vwuxfwxuh/
Gxudeoh Jrrgv/ dqg F|folfdo Ioxfwxdwlrqv lq Pdunxsv/ Mxqh 4<;:1 Plphr/
Qruwkzhvwhuq Xqlyhuvlw|1
/ /d q g / Pdunhw Vwuxfwxuh dqg F|folfdo Ioxfwxdwlrqv lq X1V1
Pdqxidfwxulqj/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Iheuxdu| 4<;;/ :3/ 88991
Kdoo/ Urehuw H1/ Wkh Uodwlrq Ehwzhhq Sulfh dqg Pdujlqdo Frvw lq X1V1
Lqgxvwu|/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Rfwrehu 4<;;/ <9/ <547:1
Kdplowrq/ Euxfh Z1/ Wkh Frdvh Frqmhfwxuh lq Frqwlqxrxv Wlph= Lpshuihfw
Gxudelolw|/ Hqgrjhqrxv Gxudelolw|/ dqg Diwhupdunhwv/ Pdufk 4<<91 Mrkqv
Krsnlqv Xqlyhuvlw| Zrunlqj Sdshuv lq Hfrqrplfv Qr1 6951
Mxgg/ Nhqqhwk/ Qxphulfdo Phwkrgv lq Hfrqrplfv/ 4<<61 pdqxvfulsw/ Krryhu1
Pruwhqvhq/ Gdoh W1/ Wkh F|folfdo Ehkdylru ri Mre dqg Zrunhu Iorzv/ Mrxuqdo
ri Hfrqrplf G|qdplfv dqg Frqwuro/ Qry 4<<7/ 4; +9,/ 4454751
Skhosv/ Hgpxqg V1 dqg Vlgqh| J1 Mu1 Zlqwhu/ Rswlpdo Sulfh Srolf| xqghu
Dwrplvwlf Frpshwlwlrq/ lq H1V1 Skhosv/ hg1/ Irxqgdwlrqv ri Lq dwlrq dqg
Hpsor|phqw Wkhru|/ Qhz \run/ Q\= Qruwrq 4<:31
Urwhpehuj/ Mxolr dqg Jduwk Vdorqhu/ D Vxshujdph0Wkhruhwlf Prgho ri Sulfh
Zduv Gxulqj Errpv/ Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<;9/ :9/ 6<373:1
dqg Plfkdho Zrrgirug/ Pdunxsv dqg wkh Exvlqhvv F|foh/ lq Rolyhu Mhdq
Eodqfkdug dqg Vwdqoh| Ilvfkhu/ hgv1/ Q1E1H1U1 Pdfurhfrqrplfv Dqqxdo/ 4<<4/
Fdpeulgjh/ PD= PLW Suhvv 4<<4/ ss1 9645<1
Vwrnh|/ Qdqf|/ Udwlrqdo H{shfwdwlrqv dqg Gxudeoh Jrrgv Sulflqj/ Ehoo Mrxuqdo
ri Hfrqrplfv/ 4<;4/ 45/ 4455;1
Vwrnh|/ Qdqf| O1/ Urehuw H Oxfdv/ dqg Hgzdug Suhvfrww/ Uhfxuvlyh Phwkrgv lq
Hfrqrplfv G|qdplfv/ Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/ PD1/ 4<;<1
5:Iljxuhv 4D/ 4E/ dqg 4F +Qrw Iljxuh 5,
5;Iljxuhv 5D wkurxjk 5G +Qrw Iljxuh 6,
5<Iljxuhv 6D wkurxjk 6G +Qrw Iljxuh 7,
63Dsshqglfhv
D1 Surriv
Lq wklv dsshqgl{ L uhvwdwh dqg suryh wkh ohppdv lq vhfwlrqv 5 dqg 61
Ohppd 41 Qr vhdufk1 Lq d v|pphwulf htxloleulxp/ qr frqvxphuv vhdufk dqg
Y|+x>s￿|,@Pd{ix.H|^Y|n￿+x >S|n￿,` >ys ￿|j +D14,
Surri1 Vlqfh doo upv fkdujh wkh vdph sulfh lq hyhu| shulrg/ dq| vhdufk kdv d wrwdo
h{shfwhg jdlq ri plqxv wkh vhdufk frvw1
Ohppd 51 Vnlpplqj surshuw|1 x￿| Ax ￿| lpsolhv A|￿  A|￿
Surri1 D ex|hu/ l/ zlwk xwlolw|  rz x￿| fdq h{dfwo| lplwdwh wkh vwudwhj| ri d ex|hu/ m/
zlwk d orzhu xwlolw|  rz/ lq zklfk fdvh l uhfhlyhv wkh vdph uhwxuq iurp sxufkdvlqj exw
juhdwhu xwlolw|  rz lq hyhu| shulrg ehiruh sxufkdvh1 Wkxv Y|+x>s￿, lv zhdno| lqfuhdvlqj
lq lwv uvw dujxphqw1 Frqvlghu qrz wkh ghflvlrq ri hdfk ex|hu dv wr zkhwkhu wr ex|
lq w ru zdlw/ dv fdswxuhg e| htxdwlrq +D14,1 Jlyhq wkdw erwk x dqg H|^Y|+x  >S|n￿,`
duh juhdwhu iru ex|hu l/ wkh ex|hu zlwk wkh orzhu xwlolw|  rz/ m/ zloo dozd|v fkrrvh wr
sxufkdvh li ex|hu l grhv/ dqg pd| fkrrvh wr gr vr zkhq ex|hu l grhv qrw1
Ohppd 61 xW
| hyroxwlrq1 Surylghg wkdw vhoohuv vhoo wr vrph frqvxphuv lq hyhu| shulrg/
xW
| lv ghqhg e|
xW
| @+ 4 , y.H|^S|n￿`  S| +D15,
Surri1 Frqvlghu frqvxphuv zkr duh lqglhuhqw ehwzhhq sxufkdvlqj lq wkh fxuuhqw
shulrg dqg zdlwlqj1 Doorz wkh htxloleulxp wr lqyroyh vrph ri wkhvh lqglhuhqw frqvxphuv
sxufkdvlqj lq wkh fxuuhqw shulrg dqg vrph ghod|lqj wkhlu sxufkdvhv183 Wkhq lw iroorzv
iurp Ohppd +5,/ wkdw doo wkrvh zlwk orzhu xwlolw|  rzv ex| lq wkh fxuuhqw shulrg1 Wkrvh
zlwk kljkhu xwlolw|  rzv ghod| vlqfh Y|+x>s￿, lv lqfuhdvlqj lq x/ x.H|^Y|n￿+x>S|n￿,`
lv vwulfwo| lqfuhdvlqj lq x wkh uhwxuq wr ghod|lqj lv vwulfwo| lqfuhdvlqj lq x1 Li srvlwlyh
vdohv duh pdgh lq hyhu| shulrg/ wkhq wkrvh zkr duh lqglhuhqw ehwzhhq sxufkdvlqj dqg
ghod|lqj lq w zloo sxufkdvh lq w .4 1 x W
| lv wkhq ghqhg e| lqglhuhqfh lq htxdwlrq +D14,
dv
y S| @ xW
| . H|^Y|n￿+xW
|  ,` +D16,
@ xW
| . +y | H^S|n￿`,
Uhduudqjlqj |lhogv htxdwlrq +D15,1
83Vlqfh wkhvh frqvxphuv duh phdvxuh }hur wr upv/ zkhwkhu wkh| doo sxufkdvh/ zdlw/ ru
pl{ lv luuhohydqw iru wkh htxloleulxp1
64Ohppd 71 Srvlwlyh vdohv1 Li ^f : f/d q gR |S ￿; |c wkhq ^| : f ;|1
Surri1 Iluvw vxssrvh pdunhw sulfh zhuh vxfk wkdw qr vdohv zhuh ehlqj pdgh lq shulrg w1
Surwv wr doo vhoohuv duh }hur1 Wkhq dq| lqglylgxdo vhoohu fdq fkrrvh d sulfh dq duelwudulo|
vpdoo glvwdqfh deryh wkh pdujlqdo frvw dw }hur vdohv/ f￿/ dqg/ li lw pdnhv srvlwlyh vdohv/
pdnh d surw lq w1 Vlqfh wkhuh duh dq lqqlwh qxpehu ri vhoohuv/ vhoolqj wr vrph frqvxphuv
grhv qrw uhgxfh h{shfwhg ixwxuh surwv qrwlfhdeo|1 Wkxv/ dq| vxssrvhg pdunhw sulfh
juhdwhu wkdq S￿ fdqqrw frh{lvw zlwk }hur vdohv1 Vxssrvh vdohv duh pdgh lq shulrg | dqg
lq shulrg A:| ndqg qr vdohv duh pdgh ehwzhhq wkhvh gdwhv1 Lq shulrg A  /w k h
kljkhvw xwlolw|  rz ex|hu zhdno| uhihuv ex|lqj lq A=
  A3￿  
n
A3￿ n qE  A +D17,
Dw wkh hqg ri shulrg |/ wkh kljkhvw xwlolw|  rz frqvxphu zhdno| suhihuv sxufkdvlqj lq |
wr sxufkdvlqj lq doo rwkhu shulrgv lqfoxglqj | n =
yS |x W
|.+ yS | n￿,= +D18,
Vlqfh }hur vdohv duh pdgh gxulqj wkh shulrg ehwzhhq A dqg |/ wkh kljkhvw xwlolw|  rz
lqglylgxdov duh wkh vdph dqg  hyroyhv dv= xW
r @ xn
r @ xW
r3￿  = Xvlqj wklv wr holplqdwh
wkh xwlolw|  rzv iurp htxdwlrqv D17 dqg D18 |lhogv=
  A3￿  E A|  BnE q nq|n￿  | n qE  A
Qrwh wkdw lq shulrgv | dqg A vdohv duh srvlwlyh vr wkdw | :S ￿/d q g A :S ￿czkloh lq
shulrgv |ndqg A / vdohv duh }hur vr sulfhv pxvw eh ohvv wkdq ru htxdo wr S￿1 Pdnlqj
wkhvh vxevwlwxwlrqv suhvhuyhv wkh lqhtxdolw| dqg |lhogv=
3  + W4w , > +D19,
zklfk fdq rqo| eh wuxh li A ' | n / wkdw lv li wkhuh lv qr lqwhuphgldwh shulrg zlwk qr
vdohv1
Ohppd 81 Vwhdg| vwdwh htxloleulxp1 Wkh vwhdg| vwdwh dozd|v h{lvwv lv xqltxho| ghwhu0
plqhg e|
Srr @ f￿ . f2 . 
xn
rr @+ 4   ,+y  Srr,  
Trr @ 
Surri= Lq rughu iru xn
rr wr uhpdlq frqvwdqw/ Trr pxvw htxdo 1 Soxjjlqj wklv dqg
wkh glvwulexwlrq ixqfwlrq lqwr wkh vhoohu uvw0rughu frqglwlrq +5148, |lhogv d xqltxh Srr1
Htxdwlrq +5147, wkhq jlyhv d xqltxh xn
rr1 Wkhuh lv wkxv d xqltxh fdqglgdwh iru d vwhdg|0
vwdwh htxloleulxp1 H{lvwhqfh wkhq iroorzv iurp wkh idfw wkdw wkh vhoohu surw ixqfwlrq lv
frqfdyh/ d idfw hdvlo| fkhfnhg1 Wkh surri iru wkh frooxvlyh2prqrsrolvw fdvh lv lghqwlfdo
dqg rplwwhg1
65E1 Gdwd
D frpsohwh ghvfulswlrq ri wkh QEHU surgxfwlylw| gdwdedvh fdq eh irxqg lq Eduwhovpdq
dqg Jud| +4<<7,1 Wkh gdwdedvh dqg Eduwhovpdq dqg Jud| +4<<7, fdq eh grzqordghg
fxuuhqwo| iurp wkh qsxeqsurgxfwlylw| gluhfwru| rq qehu1kduydug1hgx e| dqrq|prxv iws1
Wkh phdvxuh ri vdohv fryhuv doo vdohv e| upv zlwklq wkh VLF frgh1 Wkdw lv/ vdohv lqfoxghv
vdohv ri qrq0qdo jrrgv1 Ex|huv ri wkh lqwhuphgldwh jrrgv pd| kdyh vrphzkdw glhuhqw
delolwlhv wr wlph sxufkdvhv wkdq ex|huv ri wkh qdo frqvxphu jrrgv/ zklfk jhqhudwh wkh
phdvxuhv ri gxudelolw| dqg iuhtxhqf| ri sxufkdvh1 Doo VLF frghv duh edvhg rq wkh 4<:5
fdwhjrul}dwlrq/ dv xvhg e| wkh QEHU surgxfwlylw| gdwdedvh1 Jurvv qrplqdo surgxfwlrq
lv fdofxodwhg dv wrwdo uhyhqxh ohvv fkdqjh lq qrplqdo lqyhqwrulhv1 Qrplqdo lqyhqwrulhv lq
w  4 duh pxowlsolhg e| wkh fxuuhqw lqyhqwrulhv sulfh gh dwru dqg glylghg e| wkh odjjhg
lqyhqwrulhv sulfh gh dwru wr pdnh wkh qrplqdo fkdqjh frqvlvwhqw1 Wkhvh yduldeohv dqg
qrplqdo sd|phqwv wr oderu dqg lqwhuphgldwh jrrgv duh lqfoxghg lq wkh QEHU gdwdedvh1
Wkh phdvxuh ri iuhtxhqf| ri sxufkdvh uhsuhvhqwv wkh shufhqw ri krxvhkrogv qrw uh0
sruwlqj dq| frqvxpswlrq h{shqglwxuhv rq lwhpv lq wklv VLF frgh gxulqj d rqh0|hdu sh0
ulrg +4<;9,1 VLF frghv ghqhg dv qrqgxudeoh kdyh wkhvh phdvxuhv vhw wr }hur1 Wkhvh
lqgxvwulhv duh doo vxelqgxvwulhv ri 50gljlw VLF frgh 53 dqg 54surgxfwv dqg wredffr uhvshf0
wlyho|1 Wdeohv BB dqg E15 olvw wkh phdvxuhv ri lqiuhtxhqf| ri sxufkdvh dqg wkh phdvxuhv
ri gxudelolw|1 Gxudelolw| phdvxuhv duh edvhg rq wkh olih h{shfwdqf| wdeohv ri d pdmru
X1V1 lqvxudqfh frpsdq|1 Wkhvh olih h{shfwdqflhv ri jrrgv duh xvhg e| wkh frpsdq| wr
dgmxvw lqvxudqfh fodlpv iru fryhuhg gdpdjhv wr wkhvh lwhpv dqg duh zhljkwhg djjuhjdwhv
ri voljkwo| qhu fodvvlfdwlrqv1 Gxudelolw| phdvxuhv iru d vxevhw ri wkh lqgxvwulhv +h1j1
dxwrprelohv, duh wdnhq iurp Il{hg Uhsurgxfdeoh Wdqjleoh Zhdowk/ 4<580;< e| wkh Ex0
uhdx ri Hfrqrplf Dqdo|vlv1 Wkh uhdghu lv uhihuuhg wr Elov dqg Nohqrz +4<<8, iru ixuwkhu
ghwdlov1
Lqgxvwu| frqfhqwudwlrq phdvxuhv/ wdnhq iurp Urwhpehuj dqg Zrrgirug +4<<4,/ hvwl0
pdwh wkh vkduh ri wrwdo qdo vdohv dffrxqwhg iru e| wkh irxu odujhvw upv lq bS./ urxjko|
wkh plgsrlqw ri wkh vdpsoh1 Wkh frqfhqwudwlrq udwlrv duh dw wkh 50gljlw ohyho h{fhsw prwru
yhklfohv dqg rwkhu wudqvsruwdwlrq htxlsphqw zklfk duh vsolw1 Wkh| duh dv iroorzv= VLF
5 3=3 = 678/V L F54 = 3=:69/V L F55 = 3=674/V L F56 = 3=4<:/V L F58 = 3=549/V L F5: = 3=4;</
VLF 5; = 3=7<<> VLF 5< = 3=65<>V L F6 3=3 = 9<4/ VLF 64 = 3=578/ VLF 65 = 3=6:7/V L F
68 = 3=696/ VLF 69 = 3=783/V L F6:4 = 3=;3;/V L F6:5  <=3 = 834 >V L F6 ;=3 = 7:;=
66Wdeoh E14= Gxudelolw| dqg Lqiuhtxhqf| ri Sxufkdvh/ Sduw L
Shufhqw Qrw Gxudelolw|
VLF Frgh Lqgxvwu| Ex|lqj +\hduv,
5584 Zrphq*v Krvlhu| 661< 413
5585 Phq*v Krvlhu| 7<15 41:
55:4 Zryhq Fdushwv dqg Uxjv ;519 4414
55:5 Wxiwhg Fdushwv dqg Uxjv ;519 4414
55:< Fdushwv dqg Uxjv/ qhf1 ;519 4414
5644 Phq*v Vxlwv dqg Frdwv 8616 714
5654 Phq*v Vkluwv dqg Qljkwzhdu 671< 51:
5655 Phq*v Xqghuzhdu 8914 515
565: Phq*v Wurxvhuv 6719 51:
565; Phq*v Zrun Forwklqj 6719 51:
5664 Zrphq*v Eorxvhv 6919 516
5668 Zrphq*v Guhvvhv 7<1< 713
566: Zrphq*v Frdwv 8818 716
5674 Zrphq*v Xqghuzhdu 651: 41;
5675 Eudvvlhuv/ Jlugohv/ hwf1 651: 41;
5694 Jluo*v Guhvvhv dqg Eorxvhv ;51< 516
56<4 Fxuwdlqv dqg Gudshv ;51< 715
5844 Zrrg Ixuqlwxuh 941: ;14
5845 Zrrg Ixuq1 Xskrovwhuhg 941: ;14
5847 Phwdo Ixuqlwxuh 941: ;14
5848 Pdwwuhvvhv dqg Ehgv ;<16 4813
58<4 Eolqgv dqg Vkdghv <315 431<
5:44 Qhzvsdshuv- 313 313
5:54 Pdjd}lqhv- 313 313
5:64 Errnv Sxeolvklqj 7718 4413
5:65 Errnv Sulqwlqj 7718 4413
5;67 Suhvfulswlrq Guxjv 313 313
5<44 Ixho Rlo dqg Jdvrolqh 313 313
5<<5 Prwru Rlo 313 313
6344 Wluhv 6815 613
6476 Phq*v Irrwzduh 7<13 518
6477 Zrphq*v Irrwzduh 6419 519
Vrxufh= Elov dqg Nohqrz +4<<8,1
-Wkhvh lqgxvwulhv kdyh wkhlu shufhqw qrw ex|lqj% phdvxuhv vhw wr }hur vlqfh wkhvh jrrgv duh
qrw sxufkdvhg e| hyhu|rqh/ |hw wkh| duh qrqgxudeoh lq wkh vhqvh wkdw rqh fkrrvhv wr ex| wkh
fxuuhqw lvvxh ru qrw dw doo1 Qrqh ri wkh uhvxowv fkdqjh vljqlfdqfh ru vljq zlwk wklv dgmxvwphqw1
67Wdeoh E15= Gxudelolw| dqg Lqiuhtxhqf| ri Sxufkdvh/ Sduw LL
Shufhqw Qrw Gxudelolw|
VLF Frgh Lqgxvwu| Ex|lqj +\hduv,
6494 Oxjjdjh ;;18 4:18
655< Jodvvzduh ;716 4313
6595 Fklqd ;714 4:18
6596 Frrnzduh :<17 4:18
6857 Odzqprzhuv ;81: :18
6964 Vwryhv dqg Ryhqv ;;16 4714
6965 Uhiuljhudwruv dqg Iuhh}huv <515 4813
6966 Zdvkhuv dqg Gulhuv <41< 4413
6967 Sruwdeoh Khdwhuv ;:1: 4416
6968 Ydfxxp Fohdqhuv <415 <18
6978 Odpsv ;61< 491:
6984 WY*v/ YFU*v/ dqg Vwhuhrv 8616 441<
6985 Uhfrugv dqg Wdshv 7<1: 813
6994 Whohskrqhv ;31: :14
6:44 Dxwrprelohv <415 4313
6:46 Oljkw Wuxfnv dqg Ydqv <:14 ;13
6:65 Erdwv <<14 4313
6:84 Prwruf|fohv <315 ;19
6:<5 Wudlohuv dqg Fdpshuv <;19 ;13
6;84 H|hjodvvhv dqg Frqwdfwv 9;16 4313
6;94 Ilop dqg Skrwr Htxls1 6<15 91:
6;:6 Forfnv dqg Zdwfkhv 9714 4818
6<44 Mhzhou| 881; 818
6<47 Vloyhuzduh <417 5:18
6<64 Pxvlfdo Lqvwuxphqwv <418 4613
6<77 Jdphv dqg Wr|v 741< 813
Vrxufh= Elov dqg Nohqrz +4<<8,1
68